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1.0 INTRODUCTION 

The J.R. Simplot Company (Simplot) operates the Smoky Canyon Phosphate Mine (the Site) in 
southeast Idaho (Figure 1-1).  The Smoky Canyon Mine is the subject of an Administrative 
Settlement Agreement and Order on Consent/Consent Order (Settlement Agreement/CO) for 
Performance of Remedial Investigation and Feasibility Study (RI/FS) entered into by the United 
States Department of Agriculture, Forest Service Region 4 (Forest Service [USFS]), United 
States Environmental Protection Agency, Region 10 (USEPA), Idaho Department of 
Environmental Quality (IDEQ), and Simplot (USFS, USEPA, and IDEQ 2009), pursuant to the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  The 
Forest Service is the lead agency, and the USEPA, IDEQ, United States Department of Interior 
Fish and Wildlife Service (FWS) and Bureau of Land Management (BLM), and the Shoshone-
Bannock Tribes (Tribes) participate as support agencies. 

The Settlement Agreement/CO provides a mechanism to investigate the potential environmental 
effects of phosphate mining and milling operations at the Site and develop remedies to address 
any environmental conditions that represent a risk to human health or the environment. Section 
4.1 of the Settlement Agreement/CO (USFS, USEPA, and IDEQ 2009), defines the “Site” as 
“the Smoky Canyon Phosphate Mine, which includes the areas of overburden disposal 
associated with the mine…the areal extent of contamination from the mine and overburden 
disposal areas and all suitable areas in very close proximity to the contamination necessary for 
response action implementation.”  The Settlement Agreement/CO supersedes that portion of the 
2003 Administrative Order on Consent/Consent Order (AOC/CO; IDEQ, USFS, and USEPA 
2003) associated with the Smoky Canyon Phosphate Mine (Area A), but does not address the 
Tailings Impoundments (Area B).  The 2003 AOC/CO remains in force with respect to Area B. 

The general objective of the RI, as stated in the Settlement Agreement/CO (USFS, USEPA, and 
IDEQ 2009), is to determine the nature and extent of contamination and any threat to the public 
health, welfare, or the environment caused by the release or threatened release of hazardous 
substances, pollutants, or contaminants at or from the site, and to assess risks to human health 
and the environment.  Data collection under the RI site characterization effort was performed 
from spring 2010 through fall/winter 2012/2013 in accordance with the scope of work presented 
in the RI/FS Work Plan (Formation 2011a) and sampling procedures and locations described in 
the Sampling and Analysis Plan (SAP) (Formation 2010) and SAP Addenda 01 through 04 
(Formation 2011d, 2011e, 2012b, 2012c). The findings of the investigation, including physical 
site characteristics, nature and extent of contamination, and fate and transport of chemicals of 
potential concern (COPCs), were detailed in the RI Report (Formation 2014c).   

Three separate baseline risk assessments, a Site-Specific Human Health Risk Assessment 
(SSHHRA, Formation 2015a), Site-Specific Ecological Risk Assessment (SSERA, Formation 
2015b), and Site-Specific Livestock Risk Assessment (SSLRA, Formation 2016a), were 
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performed and reported following the RI site characterization.  The methodology used in the 
SSHHRA was developed in conjunction with input from the regulatory agencies and was 
outlined in the SSHHRA Work Plan (Formation 2011b) and a technical memorandum that 
identified screening levels, exposure factors, and toxicity factors (SSHHRA Technical 
Memorandum, Formation 2013a).  Similarly, for ecological receptors, the methodology used for 
the SSERA was presented in the SSERA Work Plan (Formation 2011c) and Baseline Problem 
Formulation (Formation 2013b).  The approach used in the SSLRA was based on USEPA 
Ecological Risk Assessment (ERA) guidance (USEPA 1997, 1998) and is consistent with a 
screening-level risk assessment that allows for identification of COPCs that could be present at 
concentrations that are potentially toxic to livestock.  Potential risks to human, ecological, and 
livestock receptors from exposure to contaminants at the Site were evaluated in these RAs.   

The findings presented in the RI Report (Formation 2014c) and the risk assessments serve as 
the basis for identifying the Remedial Action Objectives (RAOs) for the Site and are used to 
support the development of remedial alternatives in this FS. The general objective of the FS, as 
stated in the Settlement Agreement/CO (USFS, USEPA, and IDEQ 2009), is to identify and 
evaluate alternatives for remedial action designed to prevent, mitigate, or otherwise respond to 
or remedy any release or threatened release of hazardous substances from the Site. The FS 
builds on the analyses presented in the Engineering Evaluation/Cost Analysis (EE/CA) 
(NewFields 2006), which identified and evaluated a range of removal action alternatives to 
address unacceptable environmental conditions identified through the Site Investigation (SI) 
(NewFields 2005).   

1.1 Purpose 

Per the Settlement Agreement/CO and subsequent correspondence, the FS report has been 
divided into two components, which will be submitted as two separate deliverables (1) the 
development and screening of remedial alternatives and (2) the detailed analysis of alternatives.  
The purpose of Technical Memorandum #1, which is the first component of the FS process, is to 
identify and screen a range of remedial alternatives to be evaluated in the detailed analysis. 
This technical memorandum includes the elements set out in Section 8.a. of the Statement of 
Work (SOW) and has been prepared in accordance with USEPA Guidance for Conducting 
Remedial Investigations and Feasibility Studies Under CERCLA (USEPA 1988).  

Alternatives are developed by assembling combinations of technologies for specific 
environmental media that address contamination on a Sitewide basis or for specific overburden 
disposal areas (ODAs). Alternatives retained for further consideration and analysis will be 
refined and analyzed in detail with respect to the evaluation criteria in the detailed analysis. The 
results of the detailed analysis of alternatives will be documented in Technical Memorandum #2, 
due 90 days after submittal of the Phase 2 Water Treatment Pilot Study Report.  These two FS 
components will comprise the draft FS Report. 
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1.2 Site Location and Description 

The Smoky Canyon Mine is located in Caribou County, Idaho (Figure 1-1), within the Southeast 
Idaho Phosphate Mining Resource Area.  The mine is located approximately 24 miles due east 
of Soda Springs, Idaho and is accessed by traveling approximately 10 miles generally west from 
Afton, Wyoming.  The mining and milling operations are contained within 2,600 acres of federal 
phosphate mineral leases (Federal Phosphate Leases No. I-012890, I-026843, I-027801, I-
27512, and I-30369) administered by the Pocatello Field Office of the BLM and approximately 
1,200 acres of Special Use Authorization (SUA) administered by the Caribou-Targhee National 
Forest, Soda Springs Ranger District. Phosphate ore is extracted from a series of pits, referred 
to as mine panels, located on the eastern slope of the Webster Range between Smoky Canyon 
and South Fork Sage Creek (Figure 1-2). Specific mining and mine-related areas of the Site 
addressed in this FS include backfilled Panels A, B, C, D, and E; the external ODAs associated 
with these mine panels; and the Pole Canyon cross-valley fill ODA (Figure 1-3). 

The mill and administrative and maintenance facilities are located in Smoky Canyon near the 
northern end of the mining operations.  Mine Panel A is located immediately east of the mill, 
Panels B and C are north of the mill, and Panels D and E and the Pole Canyon ODA are south 
of the mill. The tailings ponds, which are not included within the Site as defined by the 2009 
Settlement Agreement/CO, are located about 3 miles northeast of the mill in the Tygee Creek 
drainage on 1,680 acres of private land owned by Simplot.  The mill is connected to the tailings 
ponds by a pipeline that extends down Smoky Canyon. 

Mining activities began at Smoky Canyon in 1983 and are ongoing today.  Ore is recovered 
through open pit mining practices which follow the north-south trending Phosphoria Formation 
outcrop as it dips to the west. Ore is recovered until the amount of overburden that must be 
removed to expose the ore (stripping ratio) becomes uneconomical.  The overburden, which 
consists of Dinwoody, chert, limestone, and center waste shale, is used to backfill the previously 
mined pits and has also been placed in external ODAs just east of the pits to maintain efficient 
material balance as mining has progressed. Reclamation practices have changed over time, in 
response to the developing understanding of environmental conditions associated with releases 
from the overburden. Current practices entail grading to a 3:1 slope, placement of a cover, 
application of seed and fertilizer, and sometimes planting of shrubs and trees.  

1.3 Investigations and Current Site Status 

Previous investigations conducted at the Smoky Canyon Mine are described in detail in the RI 
Report (Formation 2014c) and include the following: 

• 1981 Draft Environmental Impact Statement (EIS) - The United States Geological 
Survey (USGS), then in charge of administering phosphate mining on federal lands, 
prepared a Draft EIS (DEIS) for mining at Smoky Canyon in conjunction with the Forest 



Feasibility Study Technical Memorandum #1 
Development and Screening of Remedial Alternatives 
Smoky Canyon Mine RI/FS DRAFT May 2016 

 

 
S:\Jobs\0442-004-900-Simplot-Smoky\RIFS\FeasibilityStudy\FSTM1\Draft Report\DraftSmokyCanyonFSTM1_20160516.docx 

 
1-4 

Service (USFS and USGS 1981).  The DEIS evaluated potential environmental impacts 
associated with the Smoky Canyon Project Mine and Reclamation Plan, submitted by 
Simplot in February 1981 (Simplot 1981).  

• 1982 Final Environmental Impact Statement - The Final EIS (FEIS) was completed in 
1982 (USFS and United States Minerals Management Service [USMMS] 1982), and the 
approval letter for the Project Mine and Reclamation Plan was signed in January 1983 
(BLM 1983). 

• 1990s Environmental Assessments (EAs) for Smoky Canyon Mine - Plans for individual 
mine phases were submitted to the regulatory agencies for review and approval (Panel 
A-4, BLM 1991; Panel D, BLM and USFS 1992; Panel E, BLM 1997). 

• Mid-1990s Idaho Mining Association (IMA) Selenium Committee - The primary mine 
operators in the region formed the IMA Selenium Committee in order to jointly and 
voluntarily investigate and address mining-related environmental and public health 
issues associated with past operations.   

• 2000 Area-Wide Administrative Order on Consent (AOC) - The AOC established the 
process used to conduct investigations and characterize risks associated with former 
and active mining at an “Area-Wide” scale (IDEQ, USEPA, USFS, BLM, FWS, Bureau of 
Indian Affairs [BIA], and Tribes 2000). 

• 2002 Panels B and C Supplemental EIS - A Supplemental EIS (SEIS) (BLM and USFS 
2002) was conducted for the Smoky Canyon Mine Panels B and C areas to evaluate 
potential environmental impacts related to selenium releases and to establish new 
mitigation measures as needed to address these impacts. The Record of Decision 
(ROD) for Panels B and C was signed in 2002 (BLM 2002). 

• 2002 Panels B and C Consent Order - A Consent Order was developed by IDEQ and 
Simplot for the protection of groundwater during Panels B and C mining activities (IDEQ 
2002).  The 2002 Consent Order provides for compliance with the Idaho Ground Water 
Quality Rule and also established a number of new monitoring requirements that are 
specific to the Panels B and C operations. 

• 2003 Administrative Order on Consent/Consent Order (AOC/CO) - Simplot entered into 
an AOC/CO with IDEQ, USFS, BLM, and USEPA to evaluate and address the 
cumulative environmental and human health risks from current and historical mining 
operations at Smoky Canyon (IDEQ, USFS, and USEPA 2003). The 2003 AOC/CO 
established the responsibilities and schedules for performance of an SI and EE/CA for 
the Smoky Canyon Phosphate Mine (Area A) and other necessary actions associated 
with the Tailings Impoundments (Area B) (NewFields 2005, 2006).   

• 2006 Settlement Agreement for Non-Time-Critical Removal Action (NTCRA) for the Pole 
Canyon ODA - Based on information provided in the SI and EE/CA, the Forest Service 
selected an NTCRA to address conditions associated with the Pole Canyon cross-valley 
fill ODA.  In October 2006, Simplot entered into a Settlement Agreement with the Forest 
Service, USEPA, and IDEQ to implement the Pole Canyon 2006 NTCRA (USFS, 
USEPA, and IDEQ 2006). 
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• 2009 Administrative Settlement Agreement/CO for RI/FS - Simplot entered into a 
Settlement Agreement/CO for performance of an RI/FS for the Smoky Canyon Mine, 
including Panel B where mining is currently active (USFS, USEPA, IDEQ and 2009). The 
RI site characterization and baseline risk assessments have been completed.  

• 2012 EE/CA for NTCRA Alternatives at Pole Canyon ODA - An EE/CA was completed in 
2012 (Formation 2012a) to identify and evaluate NTCRA alternatives that address 
conditions at the Pole Canyon ODA.  Based on the EE/CA, the Forest Service selected a 
Dinwoody/Chert cover. 

• 2013 Settlement Agreement for NTCRA for the Pole Canyon ODA - The Forest Service 
issued an Action Memorandum (USFS 2013a) to document approval of a 
Dinwoody/Chert cover for the Pole Canyon ODA as a Removal Action. The 
Dinwoody/Chert cover NTCRA was implemented under a separate Settlement 
Agreement for NTCRA entered into by the Forest Service, IDEQ, the Tribes, and Simplot 
in November 2013 (USFS, IDEQ, and Tribes 2013).  

1.4 Document Organization 

This technical memorandum is organized as follows: 

• Section 2 summarizes information from the RI Report and the risk assessments, 
including physical characteristics, mining and reclamation status, nature and extent of 
contamination, contaminant fate and transport, and potential risks to human, ecological, 
and livestock receptors. 

• Section 3 summarizes the environmental conditions of concern and presents Applicable 
and/or Relevant and Appropriate Requirements (ARARs), RAOs, and Preliminary 
Remediation Goals (PRGs). 

• Section 4 identifies the General Response Actions (GRAs), remedial technologies, and 
process options potentially implementable to address the RAOs and describes the initial 
screening and evaluation process. 

• Section 5 presents and describes the remedial alternatives assembled and describes the 
screening evaluation of these alternatives. 

• Section 6 lists references and data sources that were used to develop this technical 
memorandum.  
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2.0 SUMMARY OF SITE CHARACTERISTICS AND RISKS 

This section presents a summary of the conceptual site model (CSM) and site characterization 
information presented in the RI Report (Formation 2014c) and the risk evaluations presented in 
the SSHHRA (Formation 2015a), SSERA (Formation 2015b), and SSLRA (Formation 2016a). 
The focus of this summary is on the important physical and chemical characteristics and 
transport and exposure pathways relative to remedial alternative development and evaluation.  
Selenium is the primary contaminant in both solids/soil and groundwater/surface water and is 
the risk driver for human, ecological, and livestock receptors.  The discussion in this section 
focuses on selenium, although when other COPCs are above levels of concern they are also 
noted. 

2.1 Site Setting and Physical Characteristics 

The Smoky Canyon Mine is located along the eastern slope of the north-south trending Webster 
Range just west of Sage Valley.  Phosphate ore is extracted from the Phosphoria Formation in a 
series of pits between Smoky Canyon and South Fork Sage Creek that extend (north to south) 
for a distance of approximately 6 miles (Figure 1-2).  Elevations at the Site range from 6,500 to 
8,300 feet above mean sea level (AMSL).  Information on the physical characteristics of the Site 
and surrounding areas has been collected to support the evaluation of the nature and extent of 
contamination, define potential contaminant transport pathways, and identify receptor 
populations.  

2.1.1 Climate 

The area in the vicinity of the Smoky Canyon Mine has a cool and dry climate, with typical 
prevailing winds and weather patterns moving from west to east.  Annual precipitation of 14 to 
28 inches has been measured at the Security Building at the mine, with the most abundant 
rainfall occurring in spring and early summer. In the winter months, snowfall averages 100 
inches per year, and snow cover typically remains on the ground from November to April. 
Summer temperatures in the region normally range from 48 to 62 degrees Fahrenheit, while 
winter temperatures typically range from 12 to 26 degrees Fahrenheit.  

2.1.2 Land Use 

Much of the Smoky Canyon Mine is on National Forest System land, including the lease areas 
where mining takes place.  Private ranch land owned by Simplot is located in Sage Valley 
immediately east of the mine panels. Other private lands (ranches and vacation homes) are 
located in the Crow Creek Valley south and southeast of the Site.  The predominant land uses 
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are associated with agriculture and natural resources, and include crop production (primarily 
hay) on private lands along with cattle and sheep ranching on private and public lands.  
Phosphate mining, while not a dominant land use in terms of acreage, is economically 
important. On National Forest System land, recreational activities include hunting, fishing, 
camping, hiking, skiing, and snowmobiling, among others.  Additionally, these lands may be 
used for Tribal hunting, fishing, and ceremonial activities consistent with their heritage. No 
residential use occurs at or adjacent to the Site.  The closest population center is the Star Valley 
community, which includes the town of Afton, Wyoming, and is approximately 10 miles directly 
east of the Site.  The town of Afton has a population of approximately 1,800 (United States 
Census Bureau 2010). 

2.1.3 Geology 

The Smoky Canyon Mine is in the Idaho-Wyoming thrust belt and is underlain by the westward-
dipping Meade thrust fault (Ralston and Mayo 1983). Movement on the thrust fault was from 
west to east. Strata within the thrust plate were folded into a series of north-south-trending 
anticlines and synclines that have been eroded into a series of ridges and valleys. Steep 
eastward-trending tear faults that developed during thrusting form small canyons dissecting 
these ridges (Armstrong and Cressman 1963).  The mine is located on the west limb of the 
Boulder Creek Anticline, which is a north-south-trending, north-plunging fold. Figure 2-1 
presents a geologic map of the Smoky Canyon Mine area compiled from Montgomery and 
Cheney (1967) and Connor (1980).  Figure 2-2 provides an explanation of the map units. The 
anticline is truncated on the east by the West Sage Valley Branch Fault, which is an imbricate 
thrust of the Meade thrust fault (Mayo et al. 1985), and is a barrier to eastward groundwater 
flow. Thrusting along the fault has displaced older, highly fractured rocks on the west side of the 
fault against younger relatively lower hydraulic conductivity rocks on the east side. 

Sandstone and limestone of the Pennsylvanian/Permian Wells Formation forms the core of the 
Boulder Creek Anticline. The Wells Formation is overlain by the Permian Phosphoria Formation, 
which is exposed primarily along the west limb.  The Phosphoria is the source of phosphate ore 
for the mine and is comprised of three members: the Meade Peak Phosphatic Shale Member, 
Rex Chert Member, and Cherty Shale Member.  Seleniferous shale and chert are the primary 
types of overburden (i.e., run-of-mine [ROM] material) that are removed in order to access the 
ore. The overlying Triassic Dinwoody/Thaynes formations are composed of shale, siltstone, and 
limestone, and are exposed west of the mine within the Webster Syncline, north of the mine 
where the anticline plunges into the subsurface, and east of the mine in Sage Valley.  Bedrock 
in the valley is overlain by silty limestones of the Tertiary Salt Lake Formation and Quaternary 
sediments. Colluvial gravel and sand form fan-shaped deposits in South Fork Sage Creek, Sage 
Creek, and Pole Canyon Creek where the creeks emerge from the foothills and flow into Sage 
Valley. Alluvial sand and gravel is deposited by North Fork Sage Creek on the floor of Sage 
Valley.  
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2.1.4 Groundwater 

Groundwater occurs in two aquifer systems at the Smoky Canyon Mine (1) the shallow alluvial 
groundwater system and (2) the deep Wells Formation aquifer.   

The shallow alluvial groundwater system consists of thin, narrow, unconsolidated, surface 
deposits that are locally present along the natural stream channels that transect the mine area, 
and receive recharge from the surface at and in the vicinity of the Site.  Along the west side of 
Sage Valley, these local stream channel deposits transition to much thicker and laterally 
extensive colluvial and alluvial deposits that cover the floor of northern Sage Valley and fill in 
between bedrock highs in lower Sage Valley (Figure 2-1).  The valley-fill aquifer discharges to 
Sage Creek along several stream segments. 

Regional groundwater flow in the deep Wells Formation aquifer is controlled by (1) the elevation 
of recharge areas on Freeman Ridge and Dry Ridge to the west and Meade Peak to the south 
(see locations on Figure 1-1), (2) the elevations of two major discharges from the aquifer—
Hoopes Spring and South Fork Sage Creek springs—located east of Panel E (see spring 
locations on Figure 2-1), and (3) the effects of local structural features such as the West Sage 
Valley Branch Fault.  The Wells Formation aquifer receives local recharge from precipitation in 
outcrop areas along the Boulder Creek Anticline and infiltration from streams crossing outcrop 
areas (Figure 2-1).  In the vicinity of the Site, streams flowing eastward generally gain flow as 
they cross the Dinwoody outcrop west of the mine, remain constant in terms of flow across the 
Phosphoria Formation, and then lose flow as they cross the Wells Formation outcrop.   

Most of the backfilled pits and ODAs at the mine overlie Wells Formation outcrops/subcrops. 
The Wells Formation aquifer lies several hundred feet or more below the backfilled pits and 
ODAs and is separated from them by unsaturated Wells Formation limestone. Groundwater 
elevations exhibit seasonal fluctuations.  Except for the Wells Formation groundwater captured 
by the Industrial Well (GW-IW), Site groundwater within the Wells Formation aquifer generally 
flows to the east and south. Groundwater flow in the upper Wells Formation aquifer is controlled 
by the combined effects of the West Sage Valley Branch Fault, which is a barrier to flow to the 
east, and the discharge zone created by Hoopes Spring and South Fork Sage Creek springs 
(the “springs complex”).  Discharge from the springs complex comprises the majority of flow in 
the lower Sage Creek drainage under all flow conditions. The springs complex creates a capture 
zone that prevents groundwater flow to the south.  Figure 2-3 is a potentiometric map which 
shows groundwater flow directions under current conditions during pumping at the Industrial 
Well (GW-IW). The flow directions and gradients vary seasonally.  
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2.1.5 Surface Water 

The slopes of the Smoky Canyon Mine generally drain eastward with streams flowing into the 
Salt River, which joins the Snake River and ultimately the Columbia River.  Surface water at the 
Site occurs within two drainage basins: the Tygee Creek basin in the north end of the Site and 
the Sage Creek basin in the south end (Figure 2-4).  

The Tygee Creek basin includes the drainages of Smoky Creek, Roberts Creek, and Lower 
Tygee Creek and drains to Stump Creek.  Draney Creek and Webster Creek are also within the 
Tygee Creek drainage basin north of the Site. Panels B and C and the northern portion of Panel 
A are located in the Tygee Creek basin.  Smoky Creek crosses mine-disturbance areas in Panel 
A but does not receive runoff from these areas.  Surface runoff from Panel A is diverted to 
stormwater detention basins. Data collected during the RI showed that no water was discharged 
from the detention basins in the Panel A area (Formation 2014c). 

The Sage Creek basin includes the drainages of North Fork Sage Creek, Pole Canyon Creek, 
Sage Creek, and South Fork Sage Creek and drains to Crow Creek.  Panels D and E, the Pole 
Canyon ODA, and the southern portion of Panel A are located within the Sage Creek basin. 
Pole Canyon Creek, Sage Creek, and South Fork Sage Creek cross these mine panels but do 
not receive runoff from these mine-disturbance areas. However, certain creeks do receive 
groundwater discharged from either the alluvial flow system or the Wells Formation aquifer.  
Lower Pole Canyon Creek flows into Sage Valley, but generally loses flow to the alluvial 
groundwater system before reaching North Fork Sage Creek. Wells Formation groundwater that 
discharges at Hoopes Spring and South Fork Sage Creek springs continues downstream into 
Sage Creek and South Fork Sage Creek. Sage Creek flow typically remains constant through 
lower Sage Valley and into the Crow Creek drainage. 

2.1.6 Ecology 

Several vegetation or habitat types have been identified within and around the Smoky Canyon 
Mine (Maxim 2002).  Higher elevation areas and north- and west-facing slopes receive sufficient 
moisture to support subalpine fir and Engelmann spruce, and mid-elevation areas are 
represented by Douglas-fir and aspen. Forest openings are dominated by a mixed shrub 
component that includes mountain snowberry and antelope bitterbrush.  The warmer and drier 
lower elevation areas and south-facing slopes are typified by mixed shrub communities of 
sagebrush and various grassland species.  Riparian areas are dominated by willows, sedges, 
and reedgrass, and watercress is commonly found at Hoopes Spring and in Sage Creek. 

The diverse vegetation types found at the Site provide habitat for a variety of wildlife species 
(BLM and USFS 2002).  Mammals include bats, rabbits, rodents, black bear, mountain lion, 
mule deer, elk, and moose.  Numerous bird species occur in the area, including raptors, 
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passerines, waterfowl, and shorebirds.  Game birds such as grouse are also common. Cutthroat 
trout, brook trout, rainbow trout, brown trout, dace, sculpin, redside shiner, chub, and a wide 
variety of macroinvertebrates have been documented in area streams.  Amphibian and reptile 
species known to occur at the Site include tiger salamander, rubber boa, and western terrestrial 
garter snake. 

The only federally-listed threatened and endangered (T/E) species in Caribou County is the 
Canada lynx (Lynx canadensis) (FWS 2013).  Although potential “linkage” habitat for the lynx is 
present (Ruediger et al. 2000; USFS 2007), surveys for lynx indicate that this species is not 
present in the Smoky Canyon Mine area (Maxim 2002, 2004; BLM and USFS 2007).  The same 
habitat is also potentially suitable for the gray wolf (Canis lupus). In May 2011, the FWS 
published a direct final rule delisting wolves in Idaho (FWS 2011). 

2.1.7 Status of Mining and Reclamation 

The progression of mining and reclamation at the Smoky Canyon Mine is presented in 
appendices to the RI Report (Formation 2014c), and is based on maps prepared from mine 
disturbance and reclamation data, elevation information, aerial images, and panel chronology. 
The current status of mining and reclamation in the mine panels (Figure 1-3) are as follows 
(using approximate mine panel and ODA reclamation areas listed in the RI Report): 

• Panel A and External ODAs - Panel A covers approximately 245 acres; the external 
ODAs cover 135 acres. Pits A-1, A-2, and A-3 were backfilled shortly after mining and 
covered with topsoil or reclaimed by direct revegetation. Pit A-3 is partially regraded and 
will be backfilled and reclaimed as part of ongoing mining operations in Panel B.  

• Panel B and External ODA - As of fall 2012, Panel B covers approximately 155 acres; 
the external ODA covers approximately 50 acres.  Reclamation activities for the external 
ODA and the lower portion of Pit B-1 have been completed with a topsoil over chert 
cover.  Mining is continuing in Pits B-2 and B-4.  

• Panel C - Panel C covers approximately 105 acres and was mined from 2002 through 
2006.  Panel C is backfilled with overburden from Panels B and C.  The northern end of 
Panel C (approximately 45 acres) was reclaimed in 2008 and the remainder of Panel C 
was reclaimed in 2010 with a topsoil-over-chert cover. 

• Panel D and External ODA - Panel D covers approximately 270 acres; the external ODA 
covers 90 acres.  Mining at Panel D took place from 1993 through 1998 in three pits 
(Pits D-1, D-2, and D-3).  Panel D overburden was placed in an external ODA as well as 
in portions of the Pole Canyon ODA.  The pits and overburden areas were reclaimed in 
2002 by direct revegetation or covered with topsoil only or topsoil over chert. 

• Panel E and External ODA - Panel E contains a total of five pits (Pits E-0, E-1n, E-1s, E-
2, and E-3) and covers approximately 390 acres; the external ODA covers 120 acres.  
Mining in Panel E began in 1998 in Pit E-1n and continued through 2006.  Reclamation 
of this pit and the external ODA was completed in 2003 with topsoil-over-chert or a 
Dinwoody/Chert cover. Mining began in the other pits in Panel E in 2000 and 2001. 
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Backfilling of Pits E-2 and E-3 began in 2003. Pits E-1s, E-2, and E-3 were reclaimed 
with a Dinwoody/Chert cover in 2008.  Pit E-0 was backfilled with overburden from Panel 
F in 2010. Pit E-0 was covered with the Deep Dinwoody cover system in 2014. 

• Pole Canyon ODA - The Pole Canyon ODA is an external disposal area that covers 
approximately 130 acres in the Pole Canyon Creek drainage. The Pole Canyon ODA 
was constructed as a cross-valley fill over Pole Canyon Creek.  Most of the overburden 
originated from Panel A, which was mined from 1985 to 1990. A much smaller portion of 
the overburden originated from Panel D (Pit D-2) and was placed on the west side of the 
ODA in 1997. Two NTCRAs were completed at the Pole Canyon ODA in 2008 and 2015, 
as discussed below. 

A summary of reclamation areas and cover types is provided in Table 2-1.  

2.1.8 Non-Time-Critical Removal Actions 

Two NTCRAs have been completed at the Pole Canyon ODA. The first was implemented under 
a Settlement Agreement/CO (USFS, USEPA, and IDEQ 2006) to reduce the rate of selenium 
transport from the Pole Canyon ODA to the environment thereby improving downstream and 
downgradient water quality. This first NTCRA is referred to herein as the “2006 NTCRA.”  
Construction of the 2006 NTCRA was completed in 2008 and entailed: 

• A bypass pipeline to divert Pole Canyon Creek stream flow around the ODA and directly 
into Sage Valley; 

• An infiltration basin that directs clean flow from Pole Canyon Creek in the area between 
the pipeline diversion inlet and the upstream toe of the ODA to the Wells Formation 
aquifer; and  

• A channel to prevent run-on to the Pole Canyon ODA from the northern hillside slope.  

The second NTCRA, referred to as the “2013 NTCRA,” was implemented under a separate 
Settlement Agreement/CO entered into by the Forest Service, IDEQ, the Tribes, and Simplot in 
November 2013 (USFS, IDEQ, and Tribes 2013), to reduce or eliminate the amount of 
precipitation that infiltrates into the ODA, reduce or eliminate risks due to ingestion of vegetation 
and direct contact with ODA materials, and eliminate the release of contaminants from the ODA 
via sediment transport. Construction of the 2013 NTCRA was substantially completed in 2015 
and included: 

• Grading the surface of the ODA; 

• Covering the ODA with chert/limestone averaging 2 feet in thickness overlain by 3 feet of 
Dinwoody material; 

• Revegetating the Dinwoody surface with native non-selenium accumulating species; and 

• Construction of stormwater run-on/runoff controls to convey water off the ODA. 
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2.1.9 Pilot Studies 

Per the RI/FS Settlement Agreement/CO (USFS, USEPA, and IDEQ 2009) requirements, 
Simplot prepared a technical memorandum to provide an evaluation of available water-
treatment technologies and identify the technologies that appear most suitable for the Site 
(NewFields and Formation 2009). The likelihood for further evaluation of a technology through 
the FS process of remedial alternative development was determined based on the level of 
demonstrated effectiveness, commercial availability, use of resources, and overall ease of 
implementation at the Site. Based on the findings of the 2009 Surface Water Treatability Study 
Technical Memorandum, the following pilot studies have been implemented at the Site to 
evaluate the performance of technologies with the highest potential for use as remedial actions: 

• 2009 – GE ABMet® active, anoxic/anaerobic, biological process – DS-7 seep and also 
at the nearby Conda Mine; 

• 2009 – Zero-valent iron technology – South Fork Sage Creek; 

• 2010 – Reverse osmosis – Hoopes Springs; and 

• 2013 (ongoing) – Semi-passive biological treatment technology – DS-7 seep. 

These treatment technologies are discussed in detail in an addendum (Formation 2014a) to the 
technical memorandum cited above. The major findings from these studies were as follows: 

• Passive treatment of spring discharges by zero-valent iron technology is not effective in 
meeting the selenium standard in surface water. 

• Concentration by reverse osmosis is a viable option to concentrate contaminants for 
removal by other treatment technologies. 

• Passive and semi-passive biological reduction treatment may be an option for seeps, 
which do not discharge into surface waters, and where significant removal of selenium 
(rather than meeting the surface water standard) may be an appropriate goal. 

• Active treatment by biological reduction is effective and can meet the selenium standard 
in surface water. Biological oxygen demand (BOD) and chemical oxygen demand (COD) 
were monitored in the effluent discharged after treatment. Constituents added to the 
water stream as a result of treatment included ammonia, phosphorus, and total organic 
carbon.  Temperature increased and pH and dissolved oxygen decreased in the effluent, 
compared to the influent. The required discharge limits depend on the setting of the 
system (i.e., discharging to surface water, mixing zones, upstream concentrations, etc.). 
The BOD/COD levels in the discharge need to be considered to evaluate the effect on 
dissolved oxygen levels in the receiving stream.  Additional polishing of water quality is 
necessary before treated effluent can be discharged to nearby stream drainages, 
especially for larger-flow systems. 

Two other pilot studies were implemented in 2005, prior to initiation of the RI/FS, at seeps 
associated with external ODAs to isolate seep water that wildlife and livestock may use as 
drinking water sources. One of the pilot studies was implemented at detention basin DP-10, 
which is adjacent to a haul road in Panel D.  The study involved elimination of the basin by 
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removal of the constructed berms and installation of a chert cover over the area (NewFields 
2004a).  Upon completion, the potential for wildlife contact with water in the DP-10 basin and/or 
associated vegetation immediately downslope of the basin was eliminated. Visual monitoring 
indicates that this measure has been effective eliminating the potential for exposure. 

The other pilot study was implemented to address water from snowmelt and stormwater 
emanating from the southwest toe of the Panel E ODA (seep ES-5) that flowed along the 
ground surface before infiltrating. Pilot study work included overburden recontouring to limit 
future discharge of seep water to the surface in the ES-5 area and placement of a chert cover 
over the ground surface where seep water flowed (NewFields 2004b).  No flow from the ES-5 
seep area has been observed after these actions were completed. 

2.2 Nature and Extent of Contamination 

The RI confirmed previous SI findings that overburden disposed in backfilled mine pits and 
external ODAs is the source of selenium to the environment.  Overburden is removed during 
active mining to access the underlying phosphate ore.  The primary sources of selenium within 
the overburden are the sulfides and organic matter present in the mudstone and center waste 
shale from the Meade Peak Member of the Phosphoria Formation. Selenium is released from 
overburden materials to infiltrating/percolating water. Transport to Wells Formation groundwater 
and discharge to surface water via Hoopes Spring and South Fork Sage Creek springs is 
considered the primary mechanism for transport of selenium to the environment. 

The physical setting of the different backfilled pits and external ODAs at the Site and the type of 
reclamation completed on each influences the relative importance of these sources in terms of 
mass flux of selenium released and transported.  Less protective covers (including direct 
revegetation) allow greater infiltration of precipitation resulting in larger contributions of selenium 
to the underlying groundwater.  More recent Dinwoody/Chert covers are more effective in 
reducing infiltration.  The Pole Canyon ODA is distinct from the other ODAs at the Site because 
of the cross-valley fill setting (with Pole Canyon Creek flowing through the ODA prior to the 
2006 NTCRA) and the presence of an underlying shallow alluvial groundwater system 
associated with Pole Canyon Creek. 

2.2.1 Soil and Vegetation 

Soil 

Selenium concentrations on the surface of ODAs with less protective covers are elevated due to 
the presence of seleniferous shale in the ROM overburden.  There is no significant physical 
transport (i.e., erosion) of these materials at the Site.  Thicker covers of topsoil or other geologic 
material generally result in lower concentrations of selenium at and near the surface.  
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Reclamation areas and cover types for each of the mine panels are shown on Figure 1-3 and 
listed in Table 2-1.  The highest mean selenium concentrations in soil were measured on Panel 
A Area 2 (topsoil cover), the Pole Canyon ODA prior to the 2013 NTCRA (no cover), Panel D 
South (topsoil-over-chert cover), and Panel D North (topsoil cover).  The lowest mean selenium 
concentrations were measured on Panel A Area 1 (topsoil over Dinwoody/Chert cover), Panel E 
Area 1 (topsoil-over-chert cover), and Panel E Area 2 (topsoil over Dinwoody/Chert cover).  The 
mean selenium concentration for soils sampled on Panel A Area 1 and Panel E was similar to 
the mean concentration for soils sampled in northern Sage Valley.  Since the RI was completed 
in 2014, exposure to overburden material in soils on the Pole Canyon ODA has been addressed 
under the 2013 NTCRA (USFS, IDEQ, and Tribes 2013) with a Dinwoody/Chert cover, 
completed in 2015. 

Selenium concentrations were generally low in soils adjacent to the ODAs, with exceptions in 
some of the seep areas. Sheet or rill erosion does not lead to widespread contamination of soils 
that are downgradient from the ODA source areas either during mining or shortly after mining is 
completed before reclamation occurs. 

Surface transport of selenium from surface water to soil is limited to the immediate areas of 
overburden seepage and was not observed in northern Sage Valley, with the exception of 
elevated concentrations within a small occasionally wet area that may either periodically receive 
surface water flow from Pole Canyon Creek or exhibit periodic expressions of shallow 
groundwater. 

Vegetation 

Terrestrial vegetation was collected at many of the same locations where soil samples were 
collected including vegetation growing on ODAs and in adjacent area soils. Uptake of selenium 
by vegetation growing on ODAs with less protective covers was identified as a potential 
exposure pathway for ecological receptors specifically in the Panel A Area 2, Pole Canyon ODA 
(prior to the 2013 NTCRA), Panel D South, and Panel D North areas.  Plant uptake of selenium 
also occurs in soils that are saturated with water originating from overburden seeps, with 
localized effects of seeps on selenium concentrations in vegetation focused on vegetation 
where the root zone is consistently saturated with seep water.  Certain plant species have the 
ability to accumulate selenium at concentrations that are higher than observed in the associated 
overburden/soil.  Selenium concentrations in vegetation are generally correlated with selenium 
concentrations in the soil, with greater variability at higher concentrations. Selenium 
concentrations in vegetation are lower when the mine pit or ODA has been reclaimed using a 
more protective cover system, such as the Dinwoody/Chert cover which has been constructed 
on Panel E.  
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2.2.2 Wells Formation and Alluvial Groundwater 

Wells Formation Groundwater 

Selenium is present in the Wells Formation aquifer above the 0.05 milligrams per liter (mg/L) 
groundwater Maximum Contaminant Level (MCL) downgradient of source areas, and above the 
State of Idaho Surface Water Quality Criterion for Aquatic Life of 5 micrograms per liter (µg/L) 
where groundwater discharges to surface water at Hoopes Spring and South Fork Sage Creek 
springs.  Selenium concentrations in the springs have been increasing recently, with individual 
measurements within the springs complex over the past couple of years ranging from 
approximately 0.03 to 0.13 mg/L (Hoopes Spring) and from less than 0.01 to 0.08 mg/L (South 
Fork Sage Creek springs). 

In the Panels A and C area, samples collected at the Industrial Well since the early 2000s 
indicate a slowly increasing baseline selenium concentration and a pattern of concentration 
spikes that typically occur in the middle of the calendar year, during late spring and early 
summer recharge conditions.  The total selenium concentration in the Industrial Well reached a 
high of 0.126 mg/L in the sample collected in June 2011, but the concentration has remained at 
approximately 0.03 mg/L since then. 

Alluvial Groundwater 

The Pole Canyon ODA is the only source area that contributes water to the alluvial groundwater 
flow system. Selenium concentrations are highest in shallow groundwater immediately 
downgradient of the Pole Canyon ODA adjacent to lower Pole Canyon Creek (GW-15). 
Selenium concentrations in alluvial groundwater decrease southward from the lower Pole 
Canyon area toward the north-central portion of Sage Valley, which indicates that attenuation is 
occurring.  The wet meadow, organic-rich environment in Sage Valley is conducive to selenium 
attenuation. 

Gain-loss surveys for Sage Creek identified several stream segments where discharge from the 
valley alluvial aquifer to Sage Creek was occurring. However, no increase in the Sage Creek 
selenium load could be attributed to discharging alluvial groundwater. The selenium load to 
alluvial groundwater has decreased significantly as a result of the 2006 NTCRA at the Pole 
Canyon ODA. This relatively insignificant transport pathway will be further reduced in the future. 
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2.2.3 Surface Water 

Streams 

The primary potential source areas within the Sage Creek basin are Panel A (southern portion), 
Panels D and E, and the Pole Canyon ODA.  The primary potential source areas within the 
Tygee Creek basin are Panel A (northern portion), and Panels B and C.  Concentrations did not 
exceed surface water quality criteria for any COPCs at the RI stream monitoring locations within 
the Tygee Creek basin; therefore, the following discussion focuses on surface water 
contamination in the Sage Creek basin. 

The Pole Canyon ODA is distinct from the other Smoky Canyon Mine ODAs because of the 
cross-valley fill setting and the presence of an underlying shallow alluvial groundwater system 
associated with Pole Canyon Creek.  Prior to implementation of the 2006 NTCRA, Pole Canyon 
Creek water entered the upstream side of the ODA and then was either lost to Wells Formation 
bedrock and alluvial deposits beneath the ODA or discharged at the downstream end, or toe, of 
the ODA.  During the relatively dry months from late summer through early spring, most of the 
creek flow was lost under the ODA.  Any creek water that did emerge from the ODA was quickly 
lost to alluvial deposits before the creek entered Sage Valley.  During the fall of very dry years, 
all Pole Canyon Creek flow was lost underneath the ODA, with no flow discharging from the toe 
of the ODA.  During typical spring runoff (i.e., high-flow) conditions, discharge from the toe of 
the ODA flowed into Sage Valley where it was still lost to alluvial deposits; occasionally, 
however, a portion of the creek flowed across Sage Valley and eventually flowed into North Fork 
Sage Creek and thence to Sage Creek.  Selenium concentrations in the water discharged at the 
toe of the ODA typically ranged from 0.5 to 1.5 mg/L, which exceeded the State of Idaho 
Surface Water Quality Criterion for Aquatic Life of 5 µg/L. 

The 2006 NTCRA isolated the upper Pole Canyon Creek flows from the ODA and has 
significantly reduced the transport of selenium from the ODA to the environment.  Since 
implementation of the NTCRA, water discharging from the toe of the ODA has elevated 
selenium concentrations (typically ranging from 3 to 6 mg/L), but the flow has decreased 
substantially and toe seep water, if any, infiltrates to the subsurface close to the toe.  Selenium 
concentrations have dropped dramatically in lower Pole Canyon Creek (less than 0.001 mg/L at 
stream sampling location LP-PD) as a result of the NTCRA.  An exception during the RI period 
occurred during high-flow conditions in 2011 when the bypass pipeline flowed at less than 
design capacity and the creek flow and water quality briefly reverted to pre-NTCRA conditions.  
Under the 2013 NTCRA, a Dinwoody/Chert cover was installed on the Pole Canyon ODA for 
further load reduction by decreasing net percolation resulting from infiltration of incident 
precipitation and snowmelt.   
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Surface discharge of Wells Formation water at Hoopes Spring and South Fork Sage Creek 
springs, with flow continuing downstream in lower Sage Creek, is the primary transport pathway 
for selenium leaving the Site.  Water discharging from the springs provides the majority of the 
flow in lower Sage Creek under all flow conditions and contains selenium at concentrations up 
to 20 times higher than the State of Idaho Surface Water Quality Criterion for Aquatic Life of 5 
µg/L. 

The selenium load from these springs has been increasing over the past several years as 
selenium transported from the southern portion of Panel A, the Pole Canyon ODA, Panel D, and 
Panel E arrives.  The selenium load from these springs does not show significant seasonal 
trends and, therefore, in a given year the relatively constant load results in higher selenium 
concentrations in immediately downgradient streams (i.e., lower Sage Creek and Crow Creek) 
during low-flow conditions (late summer, early fall) and lower concentrations in high-flow 
conditions (spring runoff).  Selenium concentrations decrease downstream as unaffected water 
enters the stream system from groundwater discharge and surface water from other creeks 
(e.g., Crow Creek upstream of the confluence with Sage Creek) but are still above the State of 
Idaho Surface Water Quality Criterion for Aquatic Life of 5 µg/L at the Wyoming border during 
low flow conditions. 

Seeps and Detention Basins 

Surface water sampling at the Site included surface expressions of seepage from the ODAs and 
detention basins that collect seepage and runoff from the pits and external ODA.  Flow rates at 
some seeps can vary substantially seasonally, and at some locations surface seeps are only 
present in the spring.  Evaluation of data collected before and/or during the RI showed elevated 
selenium concentrations in surface water features at five overburden seep areas (AS-2, DS-7, 
DS-10, ES-4, and ES-5; note that only DS-7 now flows with any regularity) and the associated 
detention basin waters downgradient from those seeps (AP-2, DP-7, DP-10, EP-4, and EP-5).  
Detention basins receiving seep water from the overburden areas exhibit the highest selenium 
concentrations in basin water.  Although elevated, the basin-water selenium concentrations are 
lower than in the nearby seep waters. 

The transport of solids by erosion and sediment transport is limited by the coarse texture of the 
overburden and the best management practices (BMPs) (e.g., soil cover, revegetation, etc.) that 
have been implemented during mining operations to control runoff and erosion from the ODAs.  
To the extent that COPC transport takes place by erosion of the source materials via surface 
water runoff from ODAs, those surface pathways end at the detention basins and do not extend 
to native soils or sediments or to Site streams.  With the exception of a few isolated events 
where local failures of overburden fill resulted in overtopping of detention basins, overburden 
erosion and transport to native soils or sediments in stream drainages has not occurred. 
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2.2.4 Stream Sediment 

Potential sediment transport pathways from source areas to local surface water drainages were 
evaluated in the RI by comparing selenium concentrations from upstream to downstream 
monitoring locations in streams.  For stream sediments, selenium exceeded the screening-level 
benchmark for sediment (2 milligrams per kilogram [mg/kg]) at the following locations which are 
all downstream from mine-disturbance areas: lower Pole Canyon Creek (LP-PD), the stream 
downstream from Hoopes Spring (HS-3), North Fork Sage Creek in northern Sage Valley (NSV-
6), and lower Sage Creek (LSV-2C, LSV-3, and LSV-4). 

Elevated concentrations of selenium in stream sediments in the locations noted above are a 
result of selenium transport in surface water (from groundwater discharging at Hoopes Spring 
and South Fork Sage Creek springs) and sorption of the dissolved selenium to stream 
sediments.  The presence of elevated selenium and other COPC concentrations in lower Pole 
Canyon Creek sediment samples is also due to the deposition of overburden slope materials 
into the creek during a past slope failure at the toe of the ODA in spring 1996.  The slope has 
since been stabilized, but residual sediments remain in the creek bed below the ODA. With the 
exception of Pole Canyon Creek immediately downstream of the Pole Canyon ODA, there are 
no surface transport pathways for sediment from source areas to streams.  Sediment that is 
eroded in stormwater runoff from the ODAs is collected in detention basins and therefore 
prevented from entering streams. 

2.2.5 Terrestrial and Aquatic Biota 

Terrestrial and aquatic biota data were collected during the RI for characterization of selenium in 
fish tissues, benthic invertebrate tissues, aquatic vegetation, small mammals, and terrestrial 
invertebrates. 

Terrestrial invertebrate and small mammal tissue selenium concentrations from ODAs with 
minimal or no cover material and from overburden seep areas are generally elevated in 
comparison to samples from adjacent area soils.  The elevated concentrations are related to the 
abiotic selenium levels and may indicate bioaccumulation of selenium in the food chain.  At the 
Site, this is particularly apparent in Panel A, Panel D, and the Pole Canyon ODA where 
selenium concentrations in both terrestrial invertebrates and small mammals were elevated 
relative to the areas of the Site where selenium concentrations in soil are lower (i.e., Panel E, 
northern Sage Valley, and the samples collected from areas adjacent to mine disturbances). 

Elevated selenium concentrations in fish tissue immediately downstream from Hoopes Spring 
and in lower Sage Creek appear to be directly correlated with surface water concentrations in 
these stream reaches.  Dietary sources may also contribute, as selenium concentrations in 
benthic macroinvertebrates at these locations were slightly elevated with respect to background.  
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Selenium concentrations in macrophytes and periphyton also followed a similar pattern, with the 
highest selenium concentrations in lower Pole Canyon Creek. 

2.3 Fate and Transport Summary 

As identified in the RI, pathways for transport of selenium identified at the Site are: 

• Release from backfilled pits and external ODAs and transport downward to the 
underlying Wells Formation groundwater at the Site. Transport in the groundwater and 
discharge to surface water via springs and, when pumping, discharge at the Industrial 
Well (GW-IW) in the northern portion of the Site. 

• Release from the Pole Canyon ODA to alluvial groundwater beneath the Pole Canyon 
Creek channel.  This alluvial groundwater continues into northern Sage Valley and likely 
discharges to downgradient surface water but the associated selenium load addition is 
too small to detect. 

• Surface water flow through the base of the Pole Canyon ODA and into Pole Canyon 
Creek prior to implementation of the 2006 NTCRA and during an isolated event in 2011 
when the bypass pipeline was operated at less than its design capacity.  Surface water 
runoff from other ODAs (i.e., stormwater runoff and seeps from ODA toes) is contained 
in ponds and does not reach Site streams via the surface pathway. 

• Sediment transport from ODAs primarily during active mining and immediately 
afterwards (before reclamation).  Sediment is contained in stormwater detention basins 
and does not reach Site streams.  The exception is Pole Canyon ODA where sediment 
was transported to the Pole Canyon Creek channel, primarily by a slope failure in spring 
1996. 

• Direct uptake by plants growing on overburden. 

During scoping of the RI, as summarized in the RI/FS Work Plan (Formation 2011a), the wind 
dispersion and air deposition potential pathway was identified as not operable at the Site based 
on findings of the SI (NewFields 2005). Therefore, this potential pathway was not of concern for 
the FS. 

2.4 Conceptual Model 

CSM diagrams for human, ecological, and livestock receptors are presented in the Site-specific 
risk assessment reports (Figure 4-1 in SSHRA [Formation 2015a], Figure 2-11 in SSERA 
[Formation 2015b], and Figure 3-1 in SSLRA [Formation 2016a], respectively). Information on 
contaminant sources, migration routes, exposure pathways, and receptors were used to 
develop an understanding of the Site and to evaluate potential risks. 
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2.4.1 Contaminant Sources 

Overburden disposed in backfilled mine pits and external ODAs is the source of selenium to the 
environment. Overburden is removed during active mining to access the underlying phosphate 
ore. The primary sources of selenium within the overburden are the sulfides and organic matter 
present in the mudstone and center waste shale from the Meade Peak Member. The source 
areas of the Site include the backfilled mine pits and external ODAs of Panels A through E. 

The release of selenium from overburden materials occurs by (1) interaction with infiltrating 
water/leaching and (2) weathering of overburden.  Dissolution of soluble solids and release of 
associated selenium to infiltrating water represents a relatively short-term release mechanism 
that takes place primarily during overburden handling and initial disposal.  Weathering operates 
by oxidation of minerals or organic matter to release selenium.  Oxidation processes may begin 
as soon as overburden is excavated, and continue in the final disposal setting. 

2.4.2 Migration Routes 

Pathways for migration of selenium from source areas to groundwater and surface water are 
described below. 

Groundwater 

Groundwater pathways for transport of selenium include (1) transport by alluvial groundwater 
and (2) transport by Wells Formation groundwater. 

A valley-fill alluvial groundwater system exists in Sage Valley.  The water table in this system is 
typically less than 30 feet below the ground surface and, at some locations, is intercepted 
seasonally by Sage Creek.  The valley system is connected with shallow alluvial deposits at the 
mouths of the tributary drainages, and specifically is affected by transport from the alluvial 
system underlying and immediately downgradient of the Pole Canyon ODA.  The Sage Valley 
alluvial groundwater flow system is isolated from the Wells Formation by the West Sage Valley 
Branch Fault that parallels the western side of Sage Valley.  In essence, the valley alluvial 
system has the configuration of a large basin, with flow contributions coming primarily from 
tributaries along the west side of the valley. 

Groundwater flow in the upper Wells Formation aquifer is controlled by the combined effects of 
the West Sage Valley Branch Fault, which is a barrier to flow to the east, and the discharge 
zone created by the springs complex to which local and regional Wells Formation groundwater 
ultimately flows. Together, these springs discharge Wells Formation groundwater in excess of 
10 cubic feet per second (cfs) to the Sage Creek drainage; the spring discharge comprises the 
majority of flow in the lower Sage Creek drainage under all flow conditions. In the north end of 
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the Site, groundwater flow paths within the Wells Formation are also influenced by pumping at 
the Industrial Well (GW-IW), which generates a large area of hydraulic influence when operated 
at typically high pumping rates. 

As part of the RI, analytical and numerical models were developed to characterize the transport 
of selenium in groundwater in the Wells Formation aquifer in the southern and northern portions 
of the Site.  An analytical model was developed for the southern groundwater flow system 
(south-end model), to evaluate the relative contribution from source areas to the selenium mass 
load discharged at the springs complex. An analytical model and numerical models were also 
developed for the northern groundwater flow system (north-end models) to estimate potential 
groundwater concentrations at the northern lease boundary. The models provide a line of 
evidence in evaluation of the dynamic nature of varying historical Site conditions that have 
influenced selenium transport over time. Specific objectives of the models included: 

• Identify the relative selenium contribution to the springs complex from each mine panel 
on a year-by-year basis and estimate the future contributions based on past, current, 
and future reclamation activities/removal actions; 

• Estimate potential selenium impacts at the northern lease boundary based on past, 
current, and future reclamation activities/removal actions; and 

• Account for Site conditions that change with time due to disturbance and reclamation 
activities. 

The results of the modeling are reported in Appendix H of the RI Report (Formation 2014c).  
The key findings with respect to the identification of remedial alternatives are summarized here. 

As noted above, in the south end of the Site Wells Formation groundwater from the Site area 
discharges at the springs complex. The predicted selenium loading from each mine panel to the 
springs complex is shown in Figure 2-5. The loads reflect the effects of reclamation on backfilled 
pits and external ODAs, along with other actions including the two NTCRAs at Pole Canyon. 
The Pole Canyon ODA loading estimates reflect the completion of the NTCRA cover in 2015. 

Overall, the modeling effort found that selenium released during active mining began to arrive at 
the springs complex in the late 1990s and is predicted to peak in the 2015/2016 time frame.  
Because mining began farther north and has progressed south, these arrival signatures have 
overlapped (Figure 2-6). In each case, the loading curves from a given panel peak due to the 
effects of active mining and then reduce to a steady-state loading reflecting the post-
mining/reclaimed condition. For the Pole Canyon ODA, diversion of Pole Canyon Creek around 
the ODA starting in 2007 and completion of the NTCRA cover in 2015 are predicted to begin 
reducing loading at the springs complex in the late 2020s.  

The predicted loading from key areas to the springs complex in 2050 (i.e., after the effect of all 
completed actions is realized) is due to infiltration into the ODAs and subsequent release and 
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transport of selenium shown in Table 2-2. These values show the relative importance of each 
source area to selenium loading in the long term and can be used to identify where remedial 
actions might be needed to meet RAOs.  As shown, the majority of loads are predicted to come 
from the Panel A area and Panel D area. The Panel A and D areas have relatively less 
protective covers than the more recent covers installed on portions of the Panel E and the Pole 
Canyon ODA and therefore these will be the focus of the evaluation of remedial alternatives in 
this FS. 

North-end modeling analyses were conducted to evaluate two issues regarding the influence of 
mining activity on selenium concentrations in the Wells Formation groundwater: 

• Extent of containment provided by pumping at the Industrial Well (GW-IW); and 

• Potential north-end source area influence on groundwater not captured by GW-IW. 

An analytical model and a numerical model were developed to address these issues.  Both 
north-end models used results of the GIS-based source term model to account for the spatial 
and temporal distribution for multiple source areas and associated selenium loading to the Wells 
Formation aquifer. 

Assessment of containment provided by pumping at GW-IW resulted in a structural influence 
(e.g. faulting) capture zone assumption. Figure 2-7 illustrates the capture zone and seleniferous 
backfill areas inside the capture zone. The applicability of the structural control assumption 
suggests that sources in Panels A and C are captured by GW-IW. The GW-IW analysis, 
however, does not provide clear evidence of capture of Panel B sources. 

To evaluate the potential groundwater impacts resulting from Panel B sources, assuming Panel 
B sources are not captured by GW-IW, a numerical groundwater transport model was 
developed to simulate a northerly migration of selenium in the Wells Formation toward the lease 
boundary.  The numerical model used MODFLOW and MT3DMS to simulate groundwater flow 
and solute transport, respectively.  Seleniferous source areas outside the GW-IW capture zone 
are shown in Figure 2-8. Figure 2-9 illustrates the estimated selenium concentration at the 
northern lease boundary assuming a northerly flow path.  

Surface Water 

Surface water pathways for transport of selenium include (1) transport by runoff from ODAs, (2) 
transport by seep flow from ODAs, and (3) transport by stream flow. 

Based on the RI (Formation 2014c), there is no evidence that stormwater runoff transports 
selenium to surface waters in the drainages that cross mining-disturbed areas.  However, runoff 
from ODAs to detention basins and subsequent infiltration to Wells Formation groundwater is a 
potential transport pathway. 
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The seeps represent a transport pathway for selenium from the ODAs to soil below ODA seeps 
and, for DS-7 and ES-3, to detention basins below these ODA seeps.  At the seeps where flow 
was present during RI data collection (LP-1, DS-7, and ES-3 [for only a portion of the time]), 
ongoing infiltration of seep water into the subsurface also represents a potential transport 
pathway to groundwater. The highest potential selenium loading to groundwater is associated 
with seeps LP-1 and DS-7 which have the highest selenium concentrations and mass loading 
rates. These two seeps have the potential to infiltrate into the underlying deep Wells Formation 
aquifer. Seep LP-1 also has the potential to infiltrate into the shallow alluvial groundwater flow 
system that overlies the Wells Formation. 

The RI (Formation 2014c) indicated that Smoky Creek, Pole Canyon Creek, Sage Creek, and 
South Fork Sage Creek have not received runoff from mine-disturbance areas. However, the 
Wells Formation aquifer discharges groundwater to surface water at Hoopes Spring and South 
Fork Sage Creek springs; the selenium mass load discharging at the springs complex originates 
entirely from Wells Formation groundwater. The flow from Hoopes Spring continues 
downstream into Sage Creek upstream of its confluence with South Fork Sage Creek, and the 
flow from South Fork Sage Creek springs enters South Fork Sage Creek near the groundwater 
discharge locations. 

2.4.3 Exposure Pathways 

The risk assessments evaluated numerous exposure pathways and receptors. 

Potentially complete significant human exposure pathways are: 

• Ingestion of surface water and groundwater for domestic drinking water supply; and  

• Ingestion of Site-derived livestock (beef).  

Potentially complete significant exposure pathways for terrestrial ecological receptors are: 

• Incidental ingestion of overburden material and soil; and  

• Plant uptake of selenium from overburden material, soil, and surface water.  

Potentially complete significant exposure pathways for riparian and aquatic receptors are: 

• Ingestion of surface water and incidental ingestion of soil (riparian only) and sediment 
(fish and riparian receptors); and 

• Ingestion (food web uptake). 

Potentially complete significant exposure pathways for livestock are: 

• Ingestion of terrestrial plants as forage; and  
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• Ingestion of surface water as drinking water.  Ingestion of groundwater would represent 
an exposure risk only if wells are developed for stock watering.  

2.4.4 Potential Receptors 

The risk assessments identified the following potential receptors that had the potential to be 
exposed to selenium and other COPCs at levels that could present a risk: 

Human: Current and potential future seasonal ranchers and Native Americans, and potential 
future recreational campers and hypothetical residents (assumed only on private lands).  

Ecological: Terrestrial vegetation and terrestrial and riparian wildlife such as mice, vole (riparian 
only), rabbits, mink (riparian only), raccoons (riparian only), ducks (riparian), birds, coyotes, and 
mule deer.  Aquatic receptors are fish and benthic invertebrates in lower Sage Creek.  

Livestock: Sheep. Cattle and horses may also potentially be exposed.  

2.5 Risk Assessments 

The primary objectives of the SSHHRA and SSERA were to evaluate the possible human health 
and ecological risks associated with potential exposure to environmental media at the Site to 
help determine the need for remedial action.  The primary objective of the SSLRA was to 
evaluate potential livestock risks associated with potential exposure to environmental media to 
provide the regulatory agencies with the information necessary to make informed decisions 
regarding range management.  

2.5.1 Human Receptors 

Arsenic was the only chemical for which cancer risk estimates exceeded the target cancer risk 
goal of 1E-05, and arsenic was identified as a human health chemical of concern (HH COC) for 
the seasonal rancher, recreational camper, Native American, and hypothetical resident receptor 
scenarios, with contributions from several environmental media. 

Seasonal Rancher 

Potentially unacceptable current and future risks are from: 

• Beef - arsenic 

Ingestion of beef was the primary contributor of cancer risk for the seasonal rancher and arsenic 
was the only chemical for which cancer risk estimates exceeded the target cancer risk goal of 
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1E-05. The exposure point concentration (EPC) for beef was modeled based on Sitewide 
arsenic concentrations in samples of soil, forage plants, and/or water. Concentrations of arsenic 
in vegetation are elevated in areas of the Site that have overburden at the surface, and livestock 
may be exposed if they graze in those areas. 

Recreational Camper and Native American 

Potentially unacceptable future (Recreational Camper) and current and future (Native American) 
risks are from: 

• Surface water (domestic drinking water supply) - arsenic 

Surface water locations associated with seeps (DS-7 and LP-1) and detention basins (DP-7 and 
EP-2) contain arsenic concentrations that exceed the Idaho drinking water standard (0.01 
mg/L).  These locations contributed to exposure and lifetime cancer risks in excess of 1E-05.  
Arsenic concentrations at all other surface water and groundwater sampling locations are lower 
than the drinking water standard. 

Hypothetical Resident 

Potentially unacceptable future risks are from: 

• Groundwater (domestic drinking water supply) – selenium and arsenic 

Although land use and population statistics indicate that the Site is unlikely to convert to 
residential use, the hypothetical resident receptor was assessed for private lands in accordance 
with Forest Service guidance (USFS 2013b). Potentially unacceptable risks (cancer risks in 
excess of 1E-05) from selenium and arsenic were estimated for the hypothetical resident 
scenario in which groundwater is used for domestic drinking water supply. Selenium 
concentrations in groundwater exceeded the Idaho state drinking water standard (0.05 mg/L) at 
several wells immediately downgradient of the Pole Canyon ODA, but concentrations in 
groundwater from all other locations were lower than the drinking water standard. These wells 
also contained arsenic concentrations that exceeded the Idaho drinking water standard (0.01 
mg/L). Both locations are immediately downgradient of the Pole Canyon ODA and are known to 
be affected by past infiltration of water into the ODA, and downgradient transport in alluvial and 
Wells Formation groundwater. 

2.5.2 Ecological Receptors 

Selenium is the primary risk driver for both current and future aquatic and terrestrial biota.  
Conclusions for aquatic receptors are presented by media type to reflect the risk analysis 
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organization and regulatory framework for aquatic environments.  Terrestrial risk analysis is 
based on ingestion of COPCs from multiple exposure media within each habitat.  

Aquatic 

Potentially unacceptable current and future risks for aquatic receptors are from: 

• Surface water – selenium 

• Fish tissue – selenium 

Selenium is the primary risk driver in surface waters across several drainages. Other COPCs 
that exceeded Toxicity Reference Values (TRVs) primarily in surface waters included arsenic, 
cadmium, nickel, and zinc.  Where elevated, these COPCs do not likely represent unacceptable 
risk because of the very limited potential for exposure (e.g., seeps or ephemeral habitats) of 
receptors to these environments. Locations where elevated selenium concentrations exist and 
pose risk to aquatic receptors correspond to areas of known inputs such as Hoopes Spring and 
South Fork Sage Creek and their downstream receiving waters, and Pole Canyon Creek. 

Selenium concentrations in surface water from Pole Canyon Creek, North Fork Sage Creek, 
Hoopes Spring, South Fork Sage Creek, Lower Sage Creek, and Crow Creek exceeded the 
State of Idaho Surface Water Quality Criterion for Aquatic Life (5 µg/L). However, the current 
state of the science indicates that selenium concentrations in egg/ovary tissues from fish and 
other aquatic organisms provide the best measure of effects for aquatic life.  To date, egg/ovary 
data have largely been compiled for fish species which have thus far been demonstrated to be 
suitably sensitive. Therefore, fish tissue data should be used to assess risk to aquatic receptors 
rather than surface water data. 

Selenium in fish tissue is the best measure of exposure and potential risk for fish and other 
aquatic receptors. Whole body selenium fish tissue concentrations downstream of major 
sources exceeded the USEPA-derived (12.48 mg/kg dry weight [dw]) and Simplot-derived 
(14.14 mg/kg dw) tissue thresholds at Hoopes Spring and lower Sage Creek. Overall, fish tissue 
from Crow Creek and South Fork Sage Creek do not exceed these thresholds.  The physical 
habitat at Pole Canyon Creek (LP-PD) and North Fork Sage Creek (NSV-6) does not support 
any fish, and benthic tissue data indicated that selenium bioaccumulation in those tissues was 
acceptable. Pole Canyon Creek at the LP-1 seep poses unacceptable risks to higher trophic 
level organisms that may obtain food or water from that location. 

Selenium in sediments from Hoopes Spring (HS-3) and North Fork Sage Creek (at NSV-6), and 
at Pole Canyon Creek (LP-PD, LPT-1, LPT-2, and LPT-3) exceeded the sediment TRV.  
However, the TRVs for selenium in sediments are not based on toxicity to benthic invertebrates. 
Literature-derived tissue TRVs for benthic invertebrates, compared to concentrations measured 
for invertebrate tissues collected from across the Site, indicate selenium in invertebrate tissues 



Feasibility Study Technical Memorandum #1 
Development and Screening of Remedial Alternatives 
Smoky Canyon Mine RI/FS DRAFT May 2016 

 

 
S:\Jobs\0442-004-900-Simplot-Smoky\RIFS\FeasibilityStudy\FSTM1\Draft Report\DraftSmokyCanyonFSTM1_20160516.docx 

 
2-22 

potentially poses a risk only in lower Sage Creek. Although sediment in upper Sage Creek 
(upstream of inflow from Hoopes Spring) was identified as posing a risk, it was clearly a function 
of a single location (SV-1, an irrigation ditch) where consistently higher selenium concentrations 
were found. However, as mentioned above, the pathway for exposure is incomplete, as 
connectivity to downstream waterbodies is limited and inconsistent. 

The concentration of selenium in biotic and abiotic media exceeds TRVs for aquatic receptors at 
certain locations. COPCs at the LP-1 seep and at SV-1 pose unacceptable risks, however, 
whether these concentrations represent significant ecological risk is often a function of habitat 
and connectivity of surface water to source areas or accessibility by terrestrial organisms. 

Terrestrial Upland 

Potentially unacceptable current and future risks to terrestrial upland receptors are from: 

• Food/Soil/Surface Water (Panel A Area 2, Panel D North and South) – selenium 

Selenium in soils, vegetation, and terrestrial invertebrates and small mammals is the primary 
risk driver at the Site. Other chemicals identified as posing potentially unacceptable risks in the 
Tier 1/Tier 2 analysis included cadmium, copper, lead, vanadium, and zinc; however, the risks 
from these ecological chemicals of concern (ECOCs) were lower than from selenium and were 
generally co-located with areas of selenium risk. 

Elevated concentrations of ECOCs were observed primarily in mined areas with either no cover 
(i.e., direct revegetation of overburden) or topsoil-only reclamation and elevated concentrations 
of ECOCs in soils corresponded with higher exposure and risks. Risks are highest in Panel A 
Area 2, Panel D North and South, and on the Pole Canyon ODA (prior to the 2013 NTCRA) 
which represent areas where exposure to selenium-bearing overburden materials is expected to 
be highest. Exposure and risks were considerably lower for northern Sage Valley, Panel A Area 
1, and Panel E (Figure 2-10).  Risks were lowest in the areas with a Dinwoody/Chert cover and 
highest in the areas with no cover. 

While exposure to the terrestrial receptors and potential risk to individual receptors and species 
is elevated compared to the surrounding areas, it is unknown whether any actual effects are 
occurring to the populations inhabiting those areas.  No data are currently available to address 
the presence or absence of population-level effects from selenium as predicted in the SSERA 
(Formation 2015b). 
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Riparian 

Potentially unacceptable current and future risks to riparian receptors are from: 

• Food/Soil/Sediment/Surface Water (seeps and springs) – selenium 

Similar to the upland areas of the Site, selenium is the primary risk driver; however, other 
ECOCs were identified for riparian receptors including cadmium, chromium, copper, lead, 
manganese, molybdenum, vanadium, and zinc.  As indicated for the upland areas, exposure 
and risk associated with the non-selenium ECOCs is lower than risks predicted from selenium.  
Elevated selenium concentrations in semi-aquatic habitats at the Site were limited to a few 
sampling locations.  Selenium exposures were much higher than elsewhere at seeps DS-7 (east 
of Panel D) and ES-4 (east of Panel E), as well as riparian location LP-PD (Pole Canyon).  Risk 
was lowest at seep ES-3 (east of Panel E). 

2.5.3 Livestock Receptors 

Potentially unacceptable current and future risks to livestock are from: 

• Vegetation - selenium 

• Surface water - selenium 

Selenium is the primary risk driver for livestock. While exposure to several other COPCs 
(barium, manganese, and molybdenum) exceeded risk benchmarks in some areas, the elevated 
concentrations coincided with selenium exposures in most cases. Exposure to these other 
COPCs was described as likely representing background conditions. Potentially unacceptable 
risks to livestock from selenium were calculated for vegetation, surface water, and groundwater 
(if used for stock watering in the future). 

The greatest potential for adverse effects from vegetation is from sampling locations in mine-
disturbance areas in the Pole Draney and Sage Valley grazing allotments (Figure 2-11) where 
selenium concentrations exceeded the acute TRV. Of the five grazing allotments that overlap 
the Site, only the Sage Valley Allotment contained average concentrations that exceeded the 
chronic TRV. Site-specific risks from selenium in surface water are restricted to seep and spring 
locations immediately downgradient of the Pole Canyon ODA and Panel D; however, these 
seep areas are typically fenced to prevent access. Overall chronic and acute risks from 
selenium are unacceptable primarily due to surface water and vegetation associated with 
backfilled pits and ODAs in the Sage Valley and Pole Draney grazing allotments.  Exposure in 
other allotments was within acceptable levels. 

 



Feasibility Study Technical Memorandum #1

Development and Screening of Remedial Alternatives

Smoky Canyon Mine RI/FS

Draft
May 2016

Mine Panel Area Subarea1 Cover Type Area 
(acres)

Panel A Area 1 - Backfilled Pit(s) Topsoil Over Dinwoody and Chert 60
Area 1 - External ODA Topsoil Over Dinwoody and Chert 20
Area 2 - Backfilled Pit(s) Topsoil Only 115
Area 2 - External ODA Direct Revegetation, Topsoil Only 75

Panel B Backfilled Pit(s) None - Actively Mined, Open 155
External ODA 50

Panel C Backfilled Pit(s) Topsoil Over Dinwoody and Chert 105
Panel D North - Backfilled Pit(s) Topsoil Only 95

North - External ODA Direct Revegetation 65
South - Backfilled Pit(s) Topsoil Over Chert 110

Panel E Area 1 - Backfilled Pit(s) Topsoil Over Chert 60
Area 1 - External ODA Topsoil Over Chert 70
Area 2 - Backfilled Pit(s) Topsoil Over Dinwoody and Chert 150

Pole Canyon ODA Pole Canyon ODA Dinwoody Over Chert 2 130
Notes:

2 A Dinwoody Over Chert cover was constructed on the Pole Canyon ODA in 2015 under a Non-Time-Critical Removal Action 
(NTCRA). During RI data collection and reporting (see RI Report), the cover types on the Pole Canyon ODA were Direct 
Revegetation and Topsoil Only.

1 Subareas are identified based on RI sampling areas (see RI Report), with further delineations of backfilled pits, external 
ODAs, and reclaimed areas (outside of RI sampling areas) based on mine reclamation data.

Table 2-1. Reclamation Areas and Cover Types

S:\Jobs\0442-004-900-Simplot-Smoky\RIFS\FeasibilityStudy\FSTM1\Tables\FSTM1_Tbl2-1_CoverTypes.xlsx Page 1 of 1
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Predicted Selenium 
Load 

to Springs in 2050 
(No Action)  
(lbs/year)

Direct Infiltration
Panel A Area 2 190 130 41%

Pole Canyon ODA 130*1 16 5%

Panel D 270 104 33%

Panel E 120*2 68 21%

318
Notes:

lbs/day ‐ pounds per day

*1 ‐ Area covered in the 2013 NTCRA.

*2 ‐ Area where seleniferous materials are present.

Table 2‐2.  Predicted Selenium Loading from Each Source Area to Springs 

Complex in 2050

Mine Feature Area
(acres)

% of 
Total Load to 

Springs

S:\Jobs\0442‐004‐900‐Simplot‐Smoky\RIFS\FeasibilityStudy\FSTM1\Tables\FSTM1_Tbl2‐2_SeLoading_rev 1.xlsx Page 1 of 1
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FIGURE 2-3
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

GROUNDWATER POTENTIAL
UPPER WELLS FORMATION

AUGUST 4, 2015
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Groundwater Well
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(Closed Contour Hatched Toward Sink)

Notes:
See Figure 2-2 for Explanation of
Geologic Map Units
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are from:
       --Montgomery/Cheney 1969  (west)
       --Conner 1980 (east)
       --Cressman 1964 (southwest)
       --Mansfield 1927 (southeast)
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FIGURE 2-4
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

SMOKY CANYON MINE 
AND VICINITY

HYDROLOGIC FEATURES
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FIGURE 2-5

SMOKY CANYON MINE RI/FS 
FEASIBILITY STUDY TECH MEMO #1

ESTIMATED SELENIUM MASS LOAD TO 
THE WELLS FORMATION AND ARRIVAL 

AT SPRINGS COMPLEX FOR EACH 
SOURCE AREA
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FIGURE 2-6
ESTIMATED INFILTRATION ON 

DISTURBERD AREAS, ESTIMATED 
SELENIUM LOADING TO WELLS 

FORMATION AND SPRINGS COMPLEX 
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FIGURE 2-7
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

MODEL GRID CELLS REPRESENTING
AREAS OF SELENIFEROUS BACKFILL

(2012 CONDITIONS) INSIDE
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FIGURE 2-8
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

MODEL GRID CELLS REPRESENTING
AREAS OF SELENIFEROUS BACKFILL

(2012 CONDITIONS) OUTSIDE
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FIGURE 2-9

SMOKY CANYON MINE RI/FS
FEASIBILITY STUDY TECH MEMO #1

POTENTIAL SELENIUM CONCENTRATION 
IN GROUNDWATER AT THE NORTHERN 

LEASE BOUNDARY
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FIGURE 2-10
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

SUMMARY OF
SELENIUM RISK TO

TERRESTRIAL BIOTA
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FIGURE 2-11
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

USFS GRAZING ALLOTMENTS -
WITH SATELLITE IMAGERY
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Intermittent Stream

Mine Disturbance Area
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Allotments in vicinity of Smoky Canyon Mine are labeled.
Source: U.S. Forest Service (USFS). 2008. Range 
allotments shapefile - in Geographic Information 
System (GIS) coverages provided by Caribou 
National Forest, via e-mail. April 2008.
Aerial Source: 2013 NAIP photo from USDA
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3.0 REMEDIAL ACTION OBJECTIVES 

This section provides Site-specific objectives and goals for remedial actions at the Site. 
Preliminary RAOs were identified in the RI/FS Work Plan (Formation 2011a), based on the 
findings from the SI (NewFields 2005). These Preliminary RAOs have been updated in this 
section to incorporate the findings of the RI and risk assessments and the evaluation of ARARs. 

Section 300.430(e) of the 1990 National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP) requires that the remedial alternative development process be initiated by 
developing RAOs, identifying GRAs that address the RAOs, and performing an initial screening 
of applicable remedial technologies. The overarching goal of the remedy evaluation process is 
to provide the basis for selection of a remedy that is protective of human health and the 
environment, and meets meet ARARs. 

3.1 Environmental Conditions of Concern 

Based on the key findings of the RI and risk assessments (see Section 2), the following 
environmental conditions of concern have been identified to be addressed by the Site remedy: 

• Releases of selenium from overburden during mining and after mining while stored in 
backfilled pits and external ODAs with minimal or no covers that have resulted in MCL 
exceedances in groundwater in the Wells Formation aquifer including discharges at 
Hoopes Spring and South Fork Sage Creek springs and occasionally at the pumping 
Industrial Well (GW-IW) (Figure 3-1). The relative magnitude of the sources on selenium 
loading to the springs in 2050 (i.e., after reclamation and NTCRA actions are fully 
effective) shows that Panel A Area 2 and Panel D (including the external ODA) are the 
major sources. These areas are the focus of the FS evaluation for additional source 
control. 

• Releases of selenium from overburden in the Pole Canyon ODA that have resulted in 
MCL exceedances in groundwater in the alluvial groundwater system in lower Pole 
Canyon and northern Sage Valley (Figure 3-1). These releases have been reduced as a 
result of the Pole Canyon ODA NTCRA cover constructed in 2015. 

• Migration and discharge of Wells Formation groundwater to surface water at Hoopes 
Spring and South Fork Sage Creek springs resulting in selenium concentrations above 
the State of Idaho Surface Water Quality Criterion for Aquatic Life at the springs and 
downstream (HS-3, LSS) in lower Sage Creek (LSV-2, LSV-3, LSV-4) and Crow Creek 
(CC-1A, CC-WY-01) (Figure 3-2). 

• Risk to aquatic biota due to exceedances of whole body USEPA-derived and Simplot-
derived fish tissue thresholds for selenium at Hoopes Spring (HS-3) and downstream 
from Hoopes Spring in lower Sage Creek (LSV-2, LSV-3, LSV-4) (Figure 3-3). 

• Risk to terrestrial biota from soil and biotic media (vegetation, invertebrates, and small 
mammals) with elevated selenium concentrations in overburden on backfilled pits and 
external ODAs with minimal or no covers in the Panel A Area 2 (south of mill) and Panel 
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D areas, and in overburden seep/riparian areas downgradient (east) of Panel D (DS-7), 
Panel E (ES-4), and the Pole Canyon ODA (LP-PD) (Figure 3-4). For terrestrial biota, 
risk from Pole Canyon ODA has been eliminated as a result of the Pole Canyon ODA 
NTCRA cover constructed in 2015. 

• Future risk to human receptors (Recreational Camper or Native American) and current 
risk to human receptors (Native American) from ingestion of surface water where arsenic 
concentrations exceeded the Idaho drinking water standard in surface water seeps 
downgradient (east) of Panel D (DS-7) and the Pole Canyon ODA (LP-1), and surface 
water in detention basins downgradient of Panel D seep DS-7 (DP-7) and Panel E (EP-
2) (Figure 3-5). 

• Future risk to human receptors (Hypothetical Resident) in which groundwater on private 
lands is used for domestic drinking water supply, where arsenic concentrations in 
groundwater exceeded the MCL immediately downgradient of the Pole Canyon ODA 
(GW-15, GW-16) (Figure 3-5). 

• Future and current risk to human receptors (Seasonal Rancher) from ingestion of beef 
as the primary contributor of cancer risk, based largely on arsenic concentrations 
(calculated on a Sitewide basis) for soil with the highest concentrations in Panel A Area 
2, detention basin AP-3 (adjacent to west end of Pole Canyon ODA), Panel D seep DS-7 
area, detention basin DP-7, and detention basin EP-4 (Figure 3-5). 

• Future risk to human receptors (Hypothetical Resident) in which groundwater on private 
lands is used for domestic drinking water supply, where selenium concentrations in 
groundwater exceeded the MCL immediately downgradient of the Pole Canyon ODA 
(GW-15, GW-16) and downgradient of Pole Canyon in northern Sage Valley (GW-22, 
MP01, MP02, and MP03) (Figure 3-6). 

• Future acute risk to livestock due to exposure to selenium in vegetation associated with 
the mine-disturbance area (Panel A Area 2, Panel D North, and immediately 
downgradient from the Pole Canyon ODA toe seep LP-1 and Panel E seep ES-4) within 
the Sage Valley and Pole Draney grazing allotments (Figure 3-7). Acute selenium risks 
from surface water are restricted to areas immediately downgradient of the Pole Canyon 
ODA (seep LP-1) and Panel D (seep DS-7 and downgradient detention basin DP-7) 
(Figure 3-7). If groundwater is used for stock watering, then acute selenium risks would 
result from use of Wells Formation groundwater immediately downgradient from the Pole 
Canyon ODA (GW-16) and immediately downgradient and southeast of Panel E (GW-
25), or from use of alluvial groundwater immediately downgradient from the Pole Canyon 
ODA (GW-26, GW-15) (Figure 3-7). 

3.2 Applicable or Relevant and Appropriate Requirements 

Identification and evaluation of ARARs are integral components of the FS process to determine 
whether remedial alternatives can protect human health and the environment. The development 
of remedial alternatives under CERCLA relies, in part, on the identification of the ARARs which 
any action must meet, unless specific ARARs qualify for a waiver and are waived. 
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Applicable, Relevant and Appropriate, and To-Be-Considered Standards 

For onsite activities, CERCLA requires compliance with both applicable requirements (i.e., those 
that would apply to a given circumstance at any site or facility) and those that USEPA deems to 
be relevant and appropriate (even though they do not apply directly), based on the unique 
conditions at a site.  Applicable requirements are cleanup standards; standards of control; and 
other substantive requirements, criteria, or limitations promulgated under federal or state laws 
that specifically address a hazardous substance, constituent, removal action, location, or other 
circumstance found at a site.  Relevant and appropriate requirements, while not applicable to a 
hazardous substance, pollutant, contaminant, removal action, location, or other circumstance at 
a CERCLA site, address problems or situations sufficiently similar to those encountered at the 
site such that their use is well-suited (40 Code of Federal Regulations [CFR] 300.5). 

ARARs are potential or preliminary until finalized in the ROD. The NCP provides for the waiver 
of ARARs under certain circumstances (40 CFR 300.415[f][1][i][C]). Because this is a 
preliminary evaluation of potential ARARs, with remedial alternatives still being developed, any 
identification of the need for ARAR waivers is preliminary. 

In addition to ARARs, the NCP states that where ARARs do not exist, agency advisories, 
criteria, or guidance are to be considered useful “in helping to determine what is protective at a 
site or how to carry out certain actions or requirements” (55 Federal Register 8745). These 
sources of information are referred to as “To-Be-Considered” (TBC) standards. 

The NCP preamble states, however, that provisions in the TBC category “should not be required 
as cleanup standards, because they are, by definition, generally neither promulgated nor 
enforceable, so they do not have the same status under CERCLA as do ARARs.” Although not 
enforceable requirements, these documents are important sources of information that the 
regulatory agencies may consider during selection of the remedy, especially regarding the 
evaluation of public health and environmental risks, or which will be referred to, as appropriate, 
in selecting and developing cleanup actions [40 CFR § 300.400(g)(3), 40 CFR § 300.415(I)]. 

State Regulations 

State requirements are potential ARARs for CERCLA response actions as long as they meet 
the following eligibility criteria: 

• State law or regulation 

• Environmental or facility siting law or regulation 

• Promulgated (of general applicability and legally enforceable) 

• Substantive (not procedural or administrative) 

• More stringent than federal requirements 
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• Identified in a timely manner 

• Consistently applied 

Many state requirements listed as ARARs are promulgated with identical or nearly identical 
requirements to federal law pursuant to delegated environmental programs administered by 
federal agencies and the state. 

Types of ARARs 

There are three primary types of ARARs: chemical-specific, location-specific, and action-
specific. An ARAR can be one or a combination of all three types. 

Chemical-specific requirements address chemical or physical characteristics of compounds or 
substances at sites. These values establish acceptable amounts or concentrations of 
contaminants that may be found in, or discharged to, the ambient environment. 

Location-specific requirements are restrictions placed on the concentrations of hazardous 
substances or the conduct of cleanup activities, because they are in specific locations. Location-
specific ARARs relate to the geographical or physical positions of sites rather than the nature of 
contaminants at sites. 

Action-specific requirements are usually technology-based or activity-based requirements, or 
limitations on actions taken with respect to hazardous substances, pollutants, or contaminants. 
A given cleanup activity will trigger an action-specific requirement. Such requirements do not 
themselves determine the cleanup alternative but define how chosen cleanup methods should 
be performed. 

ARAR Waivers 

CERCLA Section 121(d)(4) authorizes that any ARAR may be waived per one of the following 
six conditions if the protection of human health and the environment is ensured: 

• It is part of a total remedial action that will attain such level or standard of control when 
completed (i.e., interim action waiver). 

• Compliance with the ARAR at a given site will result in greater risk to human health and 
the environment than alternative options that do not comply with the ARAR. 

• Compliance with such a requirement is technically impracticable from an engineering 
perspective. 

• The remedial action will attain a standard or performance equivalent to that required by 
the ARAR through use of another method or approach. 
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 The ARAR in question is a state standard and the state has not consistently applied (or 
demonstrated the intention to consistently apply) the ARAR in similar circumstances at 
other sites. 

 In meeting the ARAR, the selected remedial action will not ensure a balance between 
the need for protection of public health and welfare and the environment at the site and 
the availability of Superfund monies to respond to other facilities. 

CERCLA Permit Exemption 

CERCLA Section 121(e)(1), 42 United States Code (U.S.C). § 9621(e)(1), states, “No Federal, 
State, or local permit shall be required for the portion of any removal or remedial action 
conducted entirely onsite, where such remedial action is selected and carried out in compliance 
with this section.” The onsite activities must, however, comply with substantive permit 
requirements. The term “onsite” is defined in the NCP as “the areal extent of contamination and 
all suitable areas in very close proximity to the contamination necessary for implementation of 
the response action” (40 CFR § 300.5). 

Simplot conducted a preliminary identification of potential ARARs (chemical-specific, location-
specific, and action-specific) as presented in the RI/FS Work Plan (Formation 2011a).  This 
analysis has been refined relative to findings of the RI and risk assessments and the scope of 
potential actions to be performed.  A summary of potential ARARs and TBCs are presented in 
Tables 3-1 and 3-2. 

As discussed in Section 3.4, a process to modify the aquatic water quality standard is underway 
and it is possible that a new standard will be adopted by the time the ROD is signed or shortly 
thereafter. 

3.3 Remedial Action Objectives 

This section presents the RAOs to address the key environmental issues described in Section 
3.1 and the evaluation of ARARs in Section 3.2. The RAOs specify COPCs and environmental 
media of concern, exposure routes and receptors, and are intended to provide protection of 
human health and the environment. 

Groundwater 
 

o Prevent future use of alluvial or Wells Formation groundwater with arsenic or 
selenium concentrations above MCLs as a drinking water source. 

 
o Reduce concentrations of arsenic and selenium in contaminated Wells Formation 

and alluvial groundwater to below MCLs within a reasonable time frame given the 
circumstances of the Site. 
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o Reduce loading of selenium from groundwater to surface water so that it does 
not result in concentrations that represent an unacceptable risk to aquatic life in 
the lower Sage Creek and Crow Creek watersheds. 

 
o Prevent future stock watering using groundwater with selenium at levels that 

would represent an unacceptable risk. 
 
Soils, Overburden, and Vegetation 

o Prevent unacceptable risks to future Seasonal Ranchers from ingestion of beef 
as the primary contributor of cancer risk, due to arsenic concentrations 
(calculated on a Sitewide basis) for soil. 

 
o Prevent unacceptable risks to terrestrial biota from soil and vegetation with 

elevated selenium concentrations on overburden or backfilled pits and external 
ODAs with minimal or no covers and in overburden seep/riparian areas 
downgradient of ODAs. 

 

o Prevent exposure of livestock to vegetation on ODAs and in associated seeps 
with levels of selenium that pose an acute and chronic risk. 

 
Surface Water 

o Prevent unacceptable risks to human receptors from ingestion of non-regulated 
surface water (seeps and detention ponds) due to arsenic. 

 

o Reduce selenium concentrations in lower Sage Creek and Crow Creek 
watersheds to below levels that pose unacceptable risks for aquatic life. 

 

o Prevent livestock exposure to water in seeps or detention basins with selenium 
concentrations that would represent an unacceptable risk. 

3.4 Preliminary Remediation Goals 

PRGs specify quantifiable goals for COPCs in environmental media to address the RAOs. 
Remedial action implemented for the purpose of meeting PRGs usually results in attainment of 
RAOs.  A summary of the PRGs is provided in Table 3-3. 

Regulated Surface Water: Site-Specific Selenium Criterion 

Elevated selenium concentrations in the lower Sage Creek and Crow Creek watersheds pose 
unacceptable risks for aquatic life.  The aquatic water quality standard of 5 µg/L is applicable for 
surface water.  In recent years, the national surface water quality criterion for selenium has 
been undergoing extensive revision (e.g., 2014 Draft Peer Review document, and 2015 Draft 
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Aquatic Life Criterion release, with a final document expected in 2016). The selenium aquatic 
life criterion will differ from most criteria derivation processes in that instead of a value being 
developed specifically for water based on organisms effects due to aqueous exposure, the 
selenium criterion is being developed based on fish tissues due to exposure through diet. 

As described in Section 2.5.2, the current state of the science indicates that selenium 
concentrations in egg/ovary tissues from fish and other aquatic organisms provide the best 
measure of effects for aquatic life. Therefore, to support application for a site-specific selenium 
standard for Sage Creek and Crow Creek downstream of the Smoky Canyon Mine, Simplot 
conducted studies on developmental toxicity for brown trout using trout and trout eggs collected 
from the Site. The studies included literature review, field collection of environmental data from 
the watershed and other areas (starting in 2006), and laboratory reproduction studies with wild 
and hatchery trout species. 

The trout reproduction studies conducted by Simplot have received extensive peer review and 
scrutiny. The site-specific selenium criterion (SSSC) Work Group, spearheaded by the IDEQ 
(and including representatives from USEPA headquarters, USEPA Region 10, Idaho 
Department of Fish and Game [IDFG], Forest Service, and Wyoming Department of 
Environmental Quality [WDEQ]), provided valuable input into the planning and development of 
the field and laboratory studies. Results from the studies conducted by Simplot were used to 
develop an SSSC, based on survival of brown trout fry, which was provided to IDEQ via a 
proposal and technical support document released in 2012 (Formation 2012d). 

While Simplot was developing the SSSC proposal, USEPA prepared a Revised National 
Criterion for Selenium based on fish tissue residues in egg/ovaries, which utilized data collected 
by Simplot at the Site. In 2014, USEPA released a Draft National Criterion for selenium (USEPA 
2014) for public review and comment and, in 2015, USEPA released a revised Draft National 
Criterion (USEPA 2015). The criterion utilizes data collected by Simplot as well as numerous 
other studies and proposes a tissue-based value for selenium using maternal transfer studies 
where adult fish were exposed and passed on selenium to developing eggs. 

Currently, USEPA’s 2015 Draft National Criterion for selenium provides the most current and 
easily accessible compendium of reviews, different interpretations, and various effects 
thresholds derived using Simplot’s Brown Trout Study data.  Furthermore, it provides summary 
information for all the other studies utilized in the derivation of the 2015 Draft National Criterion. 
However, the Draft National Criterion is not site-specific as it incorporates information from 
numerous sites and fish species.  Simplot’s SSSC studies utilizing brown trout is directly 
applicable to the Site conditions and thus provides the best information on effects of selenium to 
a sensitive fish species for this Site. Therefore, Simplot’s SSSC is more applicable to Site 
conditions.  If the SSSC is adopted as the standard for the Site by USEPA and by IDEQ it will 
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supersede the current standard for lower Sage Creek and Crow Creek to the Wyoming border.  
The current standard would still apply in Wyoming.   

Whole body tissue-based thresholds were developed for the Site based on fish tissue residues 
in egg/ovaries. In the Smoky SSERA, Simplot evaluated risk to aquatic receptors using a range 
of exposure concentration (EC10) values for selenium in egg tissues. The range included EC10 
values developed by USEPA and by Simplot. In the 2015 Draft National Criterion, USEPA 
elected to use only the survival endpoint which resulted in a value of 18.09 mg/kg dw egg 
selenium. Using USEPA’s approach to derive a combined endpoint, Simplot developed an 
endpoint for surviving fish with insignificant deformities, resulting in a value of 20.5 mg/kg dw 
egg selenium. 

Based on the causal relationship between selenium in the adult tissue and eggs, the statistical 
relationship between egg and whole body tissue selenium can be expressed as a simple 
ratio/translation factor of 1.45 from which whole body equivalent selenium concentrations 
causing the range of egg effect tissue concentrations noted above by USEPA and Simplot, are 
12.48 and 14.14 mg/kg dw selenium, respectively. Aqueous values were back calculated from 
the egg effect values (18.09 and 20.5 mg/kg) to derive dissolved selenium concentrations of 9.6 
and 10.9 µg/L.  Because selenium is currently regulated on total selenium and the bulk of 
measurement data is collected as total selenium, these aqueous value were translated from 
dissolved to total selenium using a translation factor of 0.96, resulting in total aqueous selenium 
concentrations of 10 and 11.3 µg/L total selenium.   

As USEPA and numerous peer reviewers of this data set have noted, the numerous endpoints 
and derived EC10 values reflect that the real EC10 likely lies within the range of EC10s 
derived.  Therefore, the following thresholds will be applied at the Site: whole body tissues equal 
13.3 mg/kg dw (based on a geometric mean of the two whole body tissue values described 
above); total aqueous selenium 10.7 µg/L (based on a geometric mean of two aqueous values 
described above. 

Groundwater 

The primary goals for groundwater are based on the selenium (0.05 mg/L) and arsenic (0.01 
mg/L) MCLs. These levels have been developed to protect the aquifer and human consumption 
as drinking water. In addition, the SSLRA identified the potential for future risk from selenium to 
livestock due to stock watering. The SSLRA used a range of selenium concentrations from 50 to 
300 µg/L to estimate potential exposure. The PRG is set at the low end of this range: 50 µg/L 
selenium. 
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Non-Regulated Surface Water  

The RAO for livestock potentially affected by elevated selenium in water in seeps or detention 
basins focuses on prevention of livestock exposure to water in seeps or detention basins with 
selenium concentrations that would represent an unacceptable risk. The SSLRA evaluated 
potential exposure scenarios and found that because of the relatively small exposure area (seep 
and detention basin), acute risks were of concern for livestock if they drink water with selenium 
greater than 0.134 mg/L. This applies to water at the Pole Canyon ODA seep (LP-1), Panel D 
seep (DS-7) and the detention basin (DP-7) downgradient of Panel D. 

Soils and Vegetation 

Estimated potential risks to wildlife populations from exposure on Panels A and D were mainly 
from the potential for selenium to accumulate in vegetation or invertebrates. Risks of impact 
from chronic selenium exposure to wide-ranging species such as deer, elk, coyotes, and raptors 
is relatively low because these species feed over wide areas and would be exposed to soils and 
vegetation on the panels for short periods. Impacts from acute exposure are possible if animals 
feed in areas of exceptionally high selenium concentrations on the ODAs. However, 
unacceptable risk to overall populations is small because (1) a relatively small proportion of the 
overall population would be affected, and (2) wildlife do not appear to be as susceptible to acute 
selenium exposure as livestock, possibly because of greater tolerance, but likely also due to 
behavioral avoidance of high selenium forage. 

Segments of populations of smaller-bodied wildlife such as rodents and songbirds may 
experience more chronic exposure to soils and vegetation on the mine panels. Risk of adverse 
effects from selenium exposure is greater for the individuals that spend most or all of their time 
on the mine panels. However, risk to overall Site populations is low because most of the Site 
and adjacent areas are not affected by mine disturbances and contain natural selenium 
concentrations. 

Because the potential for acute risk to wildlife populations was the primary risk driver, the PRG 
is established at the estimated acute selenium concentration in vegetation of 50 mg/kg.  

The RAO for ingestion of beef at the Site focuses on prevention of unacceptable risks to future 
Seasonal Ranchers due to arsenic concentrations in soil (calculated on a Sitewide basis).  
Because the estimated risk was associated with concentrations in the range of background, no 
PRG has been established. Rather the goal is to reduce the average arsenic concentration of 
surface materials at the Site.  
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Requirement Standard, Limitation, or Requirement Criteria Citation Description Category

Safe Drinking Water Act 42 U.S.C. §§ 300f et seq. Protection of public water systems and underground sources of drinking water. Applicable
National Primary Drinking Water Regulations 40 C.F.R. Part 141 Establishes health-based standards or Maximum Contaminant Levels (MCLs) for public water systems. Applicable
Clean Water Act 33 U.S.C. §§ 1251 et seq. Water pollution prevention and control. Applicable
Water Quality Standards 40 C.F.R. Part 131 Sets criteria for water quality based on toxicity to aquatic organisms and human health. Applicable
National Recommended Water Quality Criteria November 
2002

Section 304(a) of Clean Water Act
EPA-822-R-02-047 Recommended water quality criteria for the protection of aquatic life and human health in surface water. Applicable

National Emission Standards for Hazardous Air Pollutants 40 C.F.R. 61 Recommended air pollutant restrictions. Relevant and 
Appropriate

National Pollutant Discharge Elimination System 
(NPDES) Permit Regulations 40 C.F.R. § 122 to 125 Permitting requirements for the discharge of "pollutants" from any "point source." Applicable

Surface Mining Control and Reclamation Act
30 U.S.C. § 1201
30 C.F.R. Part 816
30 C.F.R. Part 784

Permanent program performance standards for surface mining activities; minimum requirements for reclamation and operations. Relevant and 
Appropriate

Resource Conservation and Recovery Act 42 U.S.C. §§ 6901 et seq.
40 C.F.R. Parts 260-265 and 268 Sets criteria for hazardous waste management. Applicable

Archaeological and Historic Preservation Act 40 C.F.R. § 6.301(c)
16 U.S.C. 469 et seq. Data recovery and preservation activities. Applicable

National Historic Preservation Act (NHPA), 
Archaeological Resources Protection Act, and National 
Historic Landmark Regulations

16 U.S.C. §§ 470 et seq.
43 C.F.R. 7
36 C.F.R. Parts 60, 63, 65 and 800
40 C.F.R. § 6.301(b,c)

Section 106 of NHPA process balances needs of federal undertaking with effects the undertaking may have on historic properties. Applicable

Historic Sites, Building, Objects, and Antiquities Act 
16 U.S.C. § 461 et seq.
40 C.F.R. 6.301(a)
36 C.F.R. 62

Procedures to preserve archaeological or historical sites. Applicable

Migratory Bird Treaty Act 16 U.S.C. §§ 703 et seq. Taking, killing, possessing migratory birds and migratory game birds. Applicable

Fish and Wildlife Coordination Act 
16 U.S.C. § 661 et seq.
16 U.S.C. 1531-1544
40 C.F.R. § 6.302(g)

Fish and wildlife protection: requires federal agencies involved in actions that will result in the control or structural modification of any 
natural stream or body of water for any purpose, to take action to protect the fish and wildlife resources that may be affected by the 
action.

Applicable

Endangered Species Act 

7 U.S.C. 136
16 U.S.C. 460
16 U.S.C. §§ 1531 et seq.
50 C.F.R. Part 402
40 C.F.R. § 6.302 

Substantive requirements include prohibition against taking an endangered or threatened species; if such species are present, the 
Fish and Wildlife Service will be consulted. Applicable

Bald and Golden Eagle Protection Act 16 U.S.C. §§ 668 et seq.
50 C.F.R. 22 Protection of the Bald and Golden Eagles. Applicable

Clean Air Act 40 C.F.R. 50
42 U.S.C. 7401 et seq. Protection of the nation's air quality. Relevant and 

Appropriate

Mineral Leasing Act 30 USC § 181et seq.
43 CFR 3500-3599 Regulates discovery, mining, processing and reclamation on federal phosphate leases. Applicable 

Table 3-1.  Applicable or Relevant and Appropriate Requirements (ARARs)

Federal

Chemical-Specific

Action-Specific
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Requirement Standard, Limitation, or Requirement Criteria Citation Description Category

Table 3-1.  Applicable or Relevant and Appropriate Requirements (ARARs)

Protection of Floodplains 40 C.F.R. § 6.302
40 C.F.R. 6 Appendix A Regulates construction in floodplains.  Applicable 

Protection of Wetlands 40 C.F.R. § 6.302
40 C.F.R. 6 Appendix A

Wetlands Protection: Executive Order 11990 requires agencies conducting certain activities to avoid, to the extent possible, the 
adverse impacts associated with the destruction or loss of wetlands and to avoid support of new construction in wetlands if a 
practicable alternative exists.

Applicable 

2003 Revised Forest Plan for the Caribou National Forest 
& 1997 Revised Forest Plan - Targhee National Forest

Provides guidance for all natural resource management activities and establishes management standards within the Caribou-Targhee 
National Forest. Applicable

Considering Wetlands at CERCLA Sites Guidance OSWER 9280.03 (May 1994) Guidance to evaluate potential impacts on wetlands. Applicable 

Archaeological Resources Protection Act 16 U.S.C. §§ 470
40 C.F.R. 7 Steps must be taken to protect archaeological resources and sites that are on public and Indian lands and to preserve data. Applicable

Caribou-Targhee Land Use Management Plan (National 
Forest Management Act)

16 U.S.C. 1601-1614
36 C.F.R. 219

Establishes multiple use goals and objectives, forest-wide management requirements, and monitoring and evaluation requirements.  
Establishes direction so that future decisions affecting the Forest will include an interdisciplinary approach to achieve integrated 
consideration of physical, biological, economic and other sciences.

Applicable

National Forest Management Act of 1976 and Forest and 
Rangeland Renewable Resources Planning Act of 1971

16 U.S.C. 1600
36 C.F.R. 219 Guidance for natural forest system land management and resource planning. Applicable

Federal Land Policy and Management Act of 1976 
(FLPMA) 43 U.S.C. 1701-1771; 1782 Public lands and their resources are periodically and systematically inventoried and their present and future use is projected through a 

land use planning process, and the land will be managed for use and protection of the land and its natural resources. Applicable

Idaho Water Quality Standards IDAPA 58.01.02

Water quality standards and wastewater treatment requirements, including but not limited to: Administrative policy for protection of 
waters of the State (.050.02); Antidegradation policy (.051); Mixing zone policy (.060); Violation of water quality standards (.080); 
Analytical procedures (.090); Surface water use designations and nondesignated surface waters (.100 to .101); Designations of 
surface waters found within Salmon Basin (.130); General surface water quality criteria (.200); Surface water quality criteria for 
aquatic life, recreation, water supply, wildlife and aesthetics use designations (.250 to .253); Variances from water quality standards 
(.260); and Site-specific surface water quality criteria (.275).

Applicable 

Public Drinking Water Systems Rules IDAPA 58.01.08
Control and regulate the design, construction, operation, maintenance, and quality control of public drinking water systems to provide 
a degree of assurance that such systems are protected from contamination and maintained free from contaminants which may injure 
the health of the consumer.

Applicable

Idaho Ground Water Quality Rule IDAPA 58.01.11.200 Numerical and narrative standards that apply to all groundwater of the state. Applicable 
Rules and Standards for Hazardous Waste IDAPA 58.01.05 Rules and standards for hazardous waste. Applicable 

Idaho Hazardous Substance Emergency Response Act Idaho Code §§39-7101 to 7115 Facilitates emergency response planning and requires expedient response and/or containment for hazardous substance release. Relevant and 
Appropriate 

Location-Specific

State of Idaho

Chemical-Specific
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Requirement Standard, Limitation, or Requirement Criteria Citation Description Category

Table 3-1.  Applicable or Relevant and Appropriate Requirements (ARARs)

Solid Waste Management Rules IDAPA 58.01.06 Establishes requirements applicable to all solid waste and solid waste management facilities. Relevant and 
Appropriate

Idaho Surface Mining Act Idaho Code, Title 47, Chapter 15 Procedures for reclamation and vegetative planning. Relevant and 
Appropriate

Exploration and Surface Mining Rules IDAPA 20.03.02 Best management practices and reclamation for surface mining operations. Applicable
Well Construction Standard Rules IDAPA 37.03.09 Well construction and abandonment. Applicable

Appropriation of State Water Idaho Code, Title 42, Chapters 1 and 2, 
Sections 101-250 Water rights and reclamation. Applicable

Rules for Control of Air Pollution in Idaho (Rules for 
Control of Fugitive Dust) IDAPA 58.01.01 (650-651) These rules provide for the control of air pollution in Idaho. Relevant and 

Appropriate
Stream Channel Alteration Rules IDAPA 37.03.07 Prevent alterations which will be a hazard to the stream channel and its environment. Applicable

Idaho Classification and Protection of Wildlife Rule IDAPA 13.01.06.300 Classifies fish and wildlife species; identifies species of special concern, and protection of wildlife species from taking and 
possessing. Applicable

Protection of Animals and Birds Idaho Code §36-1101 to 1103 Prohibits taking of wildlife, birds and fur-bearing animals; declares exceptions. Applicable

Preservation of Historical Sites Idaho Statutes Title 67, Chapters 46 and 
41 Guidance to preserve historical, acrcheological, architectural, and cultural heritage. Applicable

Stream Channel Alteration Rules IDAPA 37.03.07 Prevent alterations which will be a hazard to the stream channel and its environment. defer to Action-
specific ARAR

Idaho Water Quality Act Idaho Code, Title 39, Chapter 36 Procedures to preserve water quality. Applicable

Mine Tailings Impoundment Structure Rules IDAPA 37.03.05 Applies to structures upon which construction, lift construction, enlargement, or alteration is underway on or after July 1, 1978; 
establishes design criteria. Applicable

Chemical-Specific Wyoming Surface Water Quality Standards W.S. 35-11-302 Water quality criteria for aquatic life and human health. Applicable
State of Wyoming

Action-Specific

Location-Specific
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Requirement Standard, Limitation, or Requirement Criteria Citation Description Category

National Secondary Drinking Water Regulations 40 C.F.R. Part 143 Establishes welfare-based standards (secondary MCLs) for public water systems. TBC

NOAA Freshwater Sediment Benchmarks

Buchman, M. F.  2009.  NOAA Screening 
quick reference tables.  NOAA OR&R 
Report 09-1, Seattle WA.  Office of 
Response and Restoration Division, 
NOAA

Benchmarks for freshwater sediments, thresholds from NOAA Screening Quick Reference Tables (SQUIRTS). TBC

Action-Specific American Indian Religious Freedom Act 42 U.S.C. §§1996 et seq. Protection of traditional culture and religious rights and practices of Native Americans. TBC

Pocatello Field Office Proposed Resource Management 
Plan and Final Environmental Impact Statement U.S. BLM FES 10-12

This Proposed Resource Management Plan and Final Environmental Impact Statement describe and analyze the 
impacts of four alternatives for managing the public lands administered by the Pocatello Field Office in southeastern 
Idaho.

TBC

Native American Graves Protection and Repatriation Act 25 U.S.C. §§ 3001 et seq.
43 C.F.R. 10

Protects Native American cultural items including human remains, funerary objects, sacred objects, and objects of 
cultural patrimony. TBC

Chemical-Specific Secondary Drinking Water Regulations IDAPA 58.01.08.400 Establishes welfare-based standards (secondary MCLs as defined in 40 C.F.R. Part 143) for public water systems. TBC

Idaho Non-Point Source Management Plan Guidance to protect or restore (where possible) the benficial uses of the state's surface water and groundwater. TBC

Catalog of Stormwater Best Management Practices for 
Idaho Cities and Counties Procedures to control erosion and sediment during and after construction. TBC

Safety of Dams Rules IDAPA 37.03.06 Guidance to establish acceptable standards for construction and to provide for safety evaluation of new or existing 
dams. TBC

Selenium Area Wide Investigation Area Wide Risk 
Management Plan Discretionary guidance document to assist in mine-specific risk management. TBC

Location-Specific

Table 3-2.  Other Criteria or Guidance To Be Considered (TBCs)

Federal

State of Idaho

Chemical-Specific

Location-Specific

Action-Specific
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Remedial Action Objective (RAO) Preliminary Remediation Goal (PRG)

Prevent future use of alluvial or Wells Formation groundwater with arsenic or selenium 
concentrations above MCLs as a drinking water source.

MCL 0.05 mg/L Selenium
MCL 0.01 mg/L Arsenic

Reduce concentrations of arsenic and selenium in Wells Formation and alluvial groundwater 
to below MCLs within a reasonable time frame given the circumstances of the Site.

MCL 0.05 mg/L Selenium
MCL 0.01 mg/L Arsenic

Prevent future stock watering using groundwater with selenium at levels that would represent 
an unacceptable risk. Risk-Based Level 50 µg/L Selenium

Prevent exposure of livestock to vegetation on ODAs and in associated seeps with levels of 
selenium that pose an acute and chronic risk. Risk-Based Level 50 mg/kg Selenium in Vegetation

Present unacceptable risks to terrestrial biota from soil and vegetation with elevated selenium 
concentrations on overburden or backfilled pits and external ODAs with minimal or no covers 
and in overburden seep/riparian areas downgradient of ODAs.

Risk-Based Level 50 mg/kg Selenium in Vegetation

Prevent unacceptable risks to future Seasonal Ranchers from ingestion of beef as the 
primary contributor of cancer risk, due to arsenic concentrations (calculated on a Site-wide 
basis) for soil.

Reduce Sitewide Arsenic Concentrations in Surface Soil

Reduce loading of selenium from groundwater to surface water so that it does not result in 
concentrations that represent an unacceptable risk to aquatic life in the Lower Sage Creek 
and Crow Creek watersheds.

Aquatic Water Quality Standard 5 µg/L Selenium
Site-Specific Standard 10.7 µg/L Selenium

Reduce selenium concentrations in the lower Sage Creek and Crow Creek watersheds to 
below levels that pose unacceptable risks for aquatic life.

Aquatic Water Quality Standard 5 µg/L Selenium
Site-Specific Standard 10.7 µg/L Selenium

Prevent unacceptable risks to human receptors from ingestion of non-regulated surface water 
(seeps and detention ponds) due to arsenic. MCL 0.01 mg/L Arsenic

Prevent livestock exposure to water in seeps or detention basins with selenium 
concentrations that would represent an unacceptable risk. Risk-Based Level 0.134 mg/L Arsenic

Notes:
mg/L - milligrams per liter
mg/kg - milligrams per kilogram
µg/L - micrograms per liter

Table 3-3.  Preliminary Remediation Goals

Groundwater

Overburden/Soils/Vegetation

Surface Water

Non-Regulated Surface Water

S:\Jobs\0442‐004‐900‐Simplot‐Smoky\RIFS\FeasibilityStudy\FSTM1\Tables\FSTM1_Tbl3‐3_PRGs.xlsx Page 1 of 1
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FIGURE 3-1
SMOKY CANYON MINE RI/FS

 FEASIBILITY STUDY TECH MEMO #1

EXCEEDANCES OF 
SELENIUM MCL

IN GROUNDWATER

Legend
Groundwater Monitoring Locations
Exceeding Selenium MCL (0.05 mg/L)
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Index Contour (200 ft)
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MCL = Maximum Contaminant Level (0.05 mg/L)
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FIGURE 3-2
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

EXCEEDANCES OF 
SELENIUM CRITERION
IN SURFACE WATER
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Surface Water Monitoring
Locations Exceeding State of
Idaho Surface Water Quality
(Selenium) Criteria for Aquatic Life
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FIGURE 3-3
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

ELEVATED SELENIUM
RISK TO AQUATIC BIOTA

(WHOLE BODY FISH TISSUE)

Legend
Surface Water Monitoring
Locations with Elevated Selenium
Risk to Aquatic Biota (Whole Body
Tissue > 14.14 mg/kg dry weight)
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FIGURE 3-4
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

ELEVATED SELENIUM
RISK TO TERRESTRIAL BIOTA
FROM SOIL AND BIOTIC MEDIA
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Monitoring Locations with Elevated Selenium
Risk
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cover constructed in 2015.
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FIGURE 3-5
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

ELEVATED ARS ENIC
RIS K TO

HUMAN RECEPTORS
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Arsenic Risk
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FIGURE 3-6
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1

FUTURE ELEVATED SELENIUM
DRINKING WATER RISK TO
HYPOTHETICAL RESIDENT

HUMAN RECEPTORS
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Monitoring Locations with Future
Elevated Selenium Risk
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FIGURE 3-7
SMOKY CANYON MINE RI/FS

FEASIBILITY STUDY TECH MEMO #1
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4.0 IDENTIFICATION AND SCREENING OF GENERAL RESPONSE ACTIONS, 
REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies GRAs, remedial technologies, and process options that are potentially 
implementable to address the RAOs identified in Section 3 for the contaminated media and 
exposure pathways of concern. GRAs are general categories of remedial activities (e.g. no 
further action, institutional controls, containment, source controls, flow controls and routing, 
removal/disposal, and treatment) that may be used, either singly or in combination, to satisfy 
RAOs.  Remedial technologies and process options are more specific applications of the GRAs. 

This section presents the screening of GRAs, remedial technologies, and process options in 
accordance with the NCP to retain representative technologies and process options that can be 
assembled into remedial alternatives, which are discussed in Section 5. 

The identification and screening process consists of the following general steps: 

• Identify the contaminants and affected environmental media that pose risks to human 
health and the environment and group these into a category or categories of 
contaminated media for FS evaluation. 

• Develop GRAs for the contaminated environmental media that will satisfy the RAOs. 

• Compile remedial technologies and process options for each GRA that are potentially 
viable for remediation of the contaminated environmental media. 

• Screen the remedial technologies and process options with respect to technical 
implementability for the contaminated media at the site. Technologies and process 
options that are not technically implementable relative to the contaminated media are 
eliminated from further consideration in this FS. 

• Evaluate and screen the retained remedial technologies and process options with 
respect to effectiveness, ease of implementability, and relative cost. Technologies and 
process options that have low effectiveness, low implementability, or high cost to 
address the contaminated media are eliminated from further consideration in this FS. 

• Combine and assemble the retained technologies and process options for the 
contaminated media into remedial alternatives as presented in Section 5. 

The remainder of this section describes the contaminated media and evaluates GRAs, 
technologies, and process options that are potentially viable for addressing them to meet the 
RAOs and ARARs discussed in Section 3. 

4.1 Contaminants and Affected Media 

Selenium is the primary contaminant of interest in solid media, which includes soils and 
overburden in backfilled pits and external ODAs. The weathered shales in the overburden 
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material are susceptible to leaching as water from rain and snowmelt infiltrates through these 
materials. Backfilled pits and external ODAs with minimal or no covers allow infiltration and 
subsequent releases of selenium to Wells Formation groundwater.  As shown in Table 4-1, the 
principal sources of selenium to groundwater are: Panel A Area 2 and External ODA; and Panel 
D and External ODA.  These are also the areas with limited covers that contain selenium in 
surface soils and vegetation at levels representing a potential acute risk to ecological receptors 
and to livestock.  

The contaminants of interest in aqueous media, which include groundwater and surface water in 
springs, are selenium and arsenic.  Seepage generated within ODAs is discharged as surface 
seeps or migrates downward to the Wells Formation aquifer or the Sage Valley alluvial 
groundwater system. Wells Formation groundwater is transported to the springs complex where 
it discharges and is transported downstream to Sage Creek and Crow Creek. Groundwater may 
also be extracted from wells at the Site.  

The extent of groundwater with selenium concentrations above the MCL is illustrated in Figure 
3-1.  Because of the complex fractured flow systems in the Wells Formation aquifer at the Site it 
is not possible to make an accurate estimate of area and volume of groundwater with selenium 
concentrations above the MCL.  However, the groundwater discharges at the springs complex, 
where the typical flows are in the range of 14 cfs.  Selenium loading from the springs results in 
concentrations above the aquatic water quality standard in South Fork Sage Creek springs, 
Sage Creek, and Crow Creek.  There are also seeps and detention basins downgradient of the 
ODAs with elevated selenium concentrations that resulted in potential risks to livestock (LP-1, 
DP-7, and DS-7).  Some of these same seeps and detention basins have elevated arsenic 
concentrations that resulted in potential future risks to human receptors (LP-1, DP-7, DS-7, and 
EP-2). 

4.2 General Response Actions 

GRAs describe those actions that alone, or in combination, may be applied to areas of concern. 
GRAs are used to organize and structure potential remedial actions and are divided into 
remedial technology groups consisting of specific process options. This section identifies and 
describes the GRAs that may satisfy the RAOs presented in Section 3.  

As described above, there are two media of concern within the Site: solid and aqueous. The 
solid media category includes contaminated soils and overburden in backfilled pits and 
overburden areas. The aqueous media category includes groundwater and surface water. 
GRAs and remedial technologies have not been developed for the air medium because airborne 
transport of contaminants is an incomplete pathway (Formation 2015a, 2015b, 2016a). 
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The GRAs identified for the Site are: 

• No Further Action 

• Institutional Controls 

• Access Controls 

• Containment 

• Source Control, Flow Control and Routing 

• Removal and Disposal 

• Treatment 

The remedial technologies and process options associated with these GRAs are shown in 
Figure 4-1. The GRAs and remedial technologies are briefly described in Section 4.3. More 
detailed descriptions of remedial technologies and process options and the results of the initial 
screening process for technical implementability are provided in Section 4.4. 

4.3 Identification of Remedial Technologies and Process Options 

Remedial options are generally grouped by how they minimize contaminant release, 
contaminant transport, or risks associated with contaminants. Source control and containment 
remedial options reduce the release and/or transport of selenium from the ODA. Removal 
remedial options remove and dispose of waste material, contaminated soil, and or contaminated 
surface water and groundwater. Treatment remedial options are applied to reduce selenium 
concentrations in impacted surface water and groundwater. Institutional controls limit the 
potential for human activities to result in exposure to impacted media (e.g., water, soil, and 
vegetation). Access controls may be used to prevent access to source areas. In practice, it will 
take a combination of remedial options from all of these groups to effectively minimize the 
impact and risk associated with the ODAs. 

This section describes typical approaches and methods that can be used to control selenium 
releases from overburden and available treatment technologies for removing selenium from 
impacted waters. 

4.3.1 No Further Action 

The No Further Action GRA is required by the NCP and USEPA as a baseline for comparison.   

As previously described, two NTCRAs were implemented at the Pole Canyon ODA to divert 
Pole Canyon Creek stream flow around the ODA, prevent run-on to the ODA from the northern 
hillside slope, and reduce or eliminate infiltration into the ODA. Under the No Further Action 
GRA, the existing ODA covers and associated surface water flow controls structures would 
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remain in place, but operations and maintenance (O&M) activities would cease.  Also O&M of 
the pipeline would cease. Water treatment at the pilot treatability study at the springs complex 
would be terminated. 

4.3.2 Institutional Controls 

Institutional controls are non-engineering mechanisms that provide the means by which federal, 
state and local governments or private parties can prevent or limit access to or use of 
contaminated environmental media, the use of areas impacted by contaminants, and/or to 
provide for the integrity and maintenance of engineered remedial components. The NCP 
emphasizes that institutional controls are meant to supplement engineering controls and may be 
a necessary component of the selected remedy. The NCP also cautions against the use of 
institutional controls as the sole remedy unless active response measures are determined to be 
impracticable. The USEPA recognizes four types of institutional controls (1) government 
controls, (2) proprietary controls, (3) enforcement and permit tools, and (4) information devices 
(USEPA 2000a, 2012). Institutional controls may be applied on a stand-alone basis or 
implemented in conjunction with other response actions as part of an overall remedy. 

4.3.3 Access Controls 

Access controls include physical barriers and/or range management to limit access to source 
areas. Physical barriers may include fencing and/or signage. Fences are fixed structures that 
function as boundaries, barriers, or other means of security. Signage consists of both the 
message and the material used to convey information on the land use and land-use restrictions. 
Range management consists of grazing controls that are used to protect water quality, forage, 
and beneficial use. Access controls may be temporary or permanent and may be implemented 
as separate, unconnected technologies or applied along with other remedial technologies as 
part of an overall remedy. 

4.3.4 Containment 

The containment GRA includes technologies and process options resulting in the physical 
containment or isolation of source areas to limit exposure and reduce the transport of selenium. 
Containment technologies include (1) engineered covers, (2) barriers, and (3) sediment control 
features. Long-term maintenance requirements, including periodic inspection and monitoring, 
may be required for containment options. 
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4.3.5 Source Control, Flow Control and Routing 

The source control GRA consists of active measures to manage sources and reduce the flow of 
water to source areas and subsequent release of selenium into surrounding soils, groundwater, 
and surface water. Source controls include surface controls and slope stabilization. Grading, 
vegetation, and erosion protection are examples of source controls. Slope stabilization includes 
reducing slope grades and constructing retaining walls. At the Site, this GRA may be 
implemented alone in certain areas or in combination with containment actions. 

The flow control and routing GRA applies to surface water.  It has already been implemented by 
the 2006 NTCRA where Pole Canyon Creek flow was collected above the Pole Canyon ODA 
and piped to the valley below the ODA with an infiltration basin installed just uphill from the ODA 
to infiltrate any creek water from below the pipeline diversion.  A run-on control ditch was also 
installed on the uphill side of the ODA.  These actions prevent water from contacting ODA 
material and subsequently mobilizing selenium.  Other actions that have been implemented at 
the Site are routing and collection of ODA seeps and stormwater runoff in detention ponds, and 
installation of ditches to convey stormwater away from source materials.  Additional flow control 
and routing actions may be implemented along with containment actions. 

4.3.6 Removal and Disposal 

This GRA involves the removal and disposal of solid or aqueous media with selenium 
concentrations exceeding specified action levels or standards. Several technologies and 
process options exist within the removal GRA for remediation of overburden solids and soils and 
groundwater and surface water at the Site. Removal technologies include excavation of solids 
and collection of surface water or groundwater. Disposal technologies involve onsite or offsite 
disposal of treatment residuals and/or other solids and onsite or offsite discharge of 
groundwater and/or surface water. This GRA is often combined with other GRAs such as 
institutional controls, containment, flow control and routing, or treatment. Long-term 
maintenance requirements, including periodic inspection and monitoring, may be required for 
removal options. 

4.3.7 Treatment 

This section presents the ex-situ and in-situ treatment options being evaluated for groundwater 
and surface water and for solids and soil at Smoky Canyon Mine. 
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4.3.7.1 Ex-Situ Treatment 

Ex-situ treatment technologies are remediation options where the affected medium is removed 
from its original location for processing.  

Groundwater and Surface Water 

Physical treatment methods involve removing contaminants from water without chemically 
altering them. These methods typically employ processes such as separation (mechanical, 
gravity and media filtration), or demineralization (ion exchange, reverse osmosis, ultrafiltration, 
and electrodialysis). Physical treatment may be applied on a stand-alone basis or implemented 
in conjunction with other treatment technologies. 

Chemical treatment involves processes where contaminants are altered or precipitated from 
solution. Most chemical treatment methods have a secondary waste stream that requires further 
treatment and disposal. Chemical treatment methods included for initial screening are 
adsorption (activated carbon, metal oxide), solvent extraction, chemical precipitation, and 
oxidation/reduction. 

Biological reduction removes inorganic constituents by reducing their oxidized forms to their 
elemental forms, which are typically less mobile and easier to precipitate out of water. For 
organic constituents, microbial activities can transform organic components to intermediate 
products and basic constituents such as carbon dioxide and water. 

Thermal treatment is the process of applying energy to the water being treated to evaporate 
clean water, while leaving behind contaminants in a concentrated brine. Thermal treatment 
methods considered include mechanical evaporation and wet air oxidation. 

Soil and Solids 

Physical treatment technologies reduce the mobility or toxicity of contaminants, or reduce the 
volume by changing the physical properties of the materials (by lowering moisture content, 
increasing density, and/or reducing permeability). Physical treatment methods being evaluated 
include stabilization/fixation, dewatering, and separation. 

Thermal treatment technologies involve the application of energy to catalyze reactions that 
immobilize or detoxify inorganic compounds, or destroy organic compounds by oxidation or 
separation by distillation or volatilization. Process options considered are incineration and 
desorption. 
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Chemical treatment promotes reactions that convert contaminants into less hazardous 
compounds. Chemical treatment process options included in the initial screening are 
oxidation/reduction, hydrolysis, and chemical extraction. 

Biological treatment of solids consists of enhancing the biological degradation or reduction of 
contaminants by microorganisms. Biological treatment, including land farming, is typically 
implemented by creating favorable conditions for native microbial activity. 

4.3.7.2 In-Situ Treatment 

In-situ treatment technologies are process options designed to remediate media within soil or 
groundwater matrices without removing those matrices from the ground.  

Groundwater 

Chemicals are directly injected into the impacted region of the aquifer to treat the groundwater.  
The injected chemical agent interacts with the constituents in the groundwater plume to 
neutralize, precipitate, immobilize, fixate, or destroy the contaminants.   

In-situ biological treatment of groundwater uses the same principles as ex-situ biological 
treatment.  It consists of enhancing the conditions in the aquifer to reduce contaminants by 
microbial activity. This is typically achieved by injecting nutrients to preferentially favor the 
microorganisms that can degrade or reduce the target contaminants. 

Soil and Solids 

In-situ physical/chemical treatment technologies include stabilization/fixation and aeration. 
Stabilization/fixation is performed by using special machinery to directly inject stabilizing agents, 
such as cement, into the soil.  Types of equipment used to deliver the stabilization agents into 
soils include rotary injection augers, jet grouting, and pressure grouting.  Aeration of soils is 
typically achieved by soil vapor extraction. 

Thermal treatment technologies involve the application of thermal energy to catalyze reactions 
that immobilize or detoxify inorganic contaminants, or destroy organic compounds by oxidation 
or separation by distillation or volatilization.  Thermal treatments being evaluated include 
vitrification and desorption. 

In-situ biological treatment of solids uses the same principles as ex-situ biological treatment, 
except that the solids are not removed and are treated in place. Nutrients are injected into the 
soils and solids to encourage favorable microbial growth.  Process options being evaluated 
include enhanced biodegradation and phytoremediation. 
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4.4 Screening of Remedial Technologies and Process Options for Technical 
Implementability 

The remedial technologies and process options presented in Figure 4-3 were screened based 
on technical implementability. A wide range of potential remedial technologies and process 
options were reviewed to evaluate the suitability for addressing residual overburden materials 
and impacted groundwater and surface water. A given technology or process option was 
eliminated from further consideration on the basis of technical implementability if site conditions 
or site characterization data indicated that the technology or process option is incompatible with 
the COPCs or cannot be implemented effectively because of physical limits or constraints.  

Selenium is the primary contaminant at the Site, which limits the ability of many treatment 
processes. Remedial technologies and process options that are not applicable to treatment of 
selenium and arsenic were eliminated from further evaluation. The extent and volume of 
overburden is also a factor for consideration. Offsite disposal process options are not readily 
implementable for the large volumes of materials present in ODAs and were eliminated from 
further evaluation. A summary of the initial screening of remedial technologies and associated 
process options in terms of technical implementability is presented in Figure 4-2. Process 
options eliminated from further evaluation are shaded gray. 

4.4.1 No Further Action 

The No Further Action GRA is required by the NCP as a baseline for comparison and is 
therefore retained for further evaluation. The No Further Action GRA is not divided into 
technologies and process options. NTCRAs that have already been implemented would be 
retained. Pilot treatability studies would be terminated. 

As previously described, two NTCRAs were implemented at the Pole Canyon ODA to divert 
Pole Canyon Creek stream flow around the ODA, prevent run-on to the ODA from the northern 
hillside slope, and reduce or eliminate infiltration into the ODA. Under the No Further Action 
GRA, the existing ODA covers and surface water flow control structures would remain in place 
but O&M activities would cease.  O&M activities for the pipeline would also cease.  The water 
treatment pilot study at the springs complex would be terminated. 

4.4.2 Institutional Controls 

Institutional controls are administrative and legal mechanisms that help to minimize the potential 
for exposure to contamination and/or protect the integrity of a response action. They may be 
used alone or in conjunction with other alternatives as part of an overall remedy and are meant 
to supplement engineering controls during all phases of cleanup and may be a necessary 
component of the selected remedy.  
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Four types of institutional controls are evaluated (1) government controls, (2) proprietary 
controls, (3) enforcement and permit tools, and (4) information devices. 

Government controls are usually implemented and enforced by a state or local government and 
may include zoning restrictions, ordinances, statutes, building permits, or other provisions that 
restrict land or resource use. Because the land where mining activities have occurred at the Site 
is owned by the United States government, government controls such as zoning restrictions are 
potentially implementable and are retained for further evaluation. 

Proprietary controls are property-use restrictions based on private property law and may include 
deed restrictions, easements, or covenants. Deed restrictions are rules and regulations that 
govern one or more parcels of land. They are recorded with the county and are permanent and 
“run with the land,” so they bind all current and future owners of the parcel(s). In the case of 
land owned by Simplot, these proprietary controls may be used to prevent future use of alluvial 
or Wells Formation groundwater with arsenic or selenium concentrations above MCLs as a 
drinking water source, and prevent future stock watering using groundwater with selenium at 
levels that would represent an unacceptable risk. Deed restrictions are viable for use at the Site 
and are retained for further evaluation. 

Enforcement and permit tools are legal tools such as administrative orders, federal facility 
agreements, and consent decrees that limit certain activities or require the performance of 
specific activities such as monitoring or reporting on effectiveness. These legal tools may be 
issued unilaterally or negotiated. Because these enforcement agreements are only binding on 
the signatories, and the property restrictions are not transferred through a property transaction, 
enforcement and permit tools are not implementable and are not retained. 

Information devices provide information or notification that residual or covered contamination 
may remain at a site. Such tools take a variety of forms and may include deed notices, public 
information programs, and state registries of contaminated sites. Although information devices 
as an institutional control are not enforceable, public information programs are potentially 
implementable for use at the Site and they are retained for further evaluation. 

4.4.3 Access Controls 

Access controls include physical barriers such as fencing and signage and range management 
such as grazing controls to limit access to source areas at the Site (e.g., ODAs or seeps or 
springs). Fencing and grazing controls are listed as BMPs for phosphate mining in southeastern 
Idaho (Montgomery Watson 2000). 

Fences are fixed structures that function as boundaries, barriers, or other means of security. 
Fencing off a reclaimed/revegetated area can limit the uptake of selenium by grazing livestock 



Feasibility Study Technical Memorandum #1 
Development and Screening of Remedial Alternatives 
Smoky Canyon Mine RI/FS DRAFT May 2016 

 

 
S:\Jobs\0442-004-900-Simplot-Smoky\RIFS\FeasibilityStudy\FSTM1\Draft Report\DraftSmokyCanyonFSTM1_20160516.docx 

 
4-10 

and wildlife and prevent damage to the reclamation while it is becoming established. By 
fencing off areas with vegetation high in selenium or water sources high in selenium, the impact 
to grazing livestock and wildlife can be reduced. The type of fence can vary from a three-strand 
barbed wire to a game-exclusion fence depending on the objective of implementing this access 
control. However, it should not be thought of as a stand-alone control, rather it should be 
implemented in conjunction with source controls. Fences must be adequately maintained. 
Portions of the Pole Canyon ODA were fenced prior to construction of the NTCRA. Additional 
fencing may be considered to limit livestock access to seeps and/or at ODAs as part of the long-
term remedy.  

Signage consists of both the message and the material used to convey information on the land 
use and land-use restrictions. The signage must last for the length of time that the warning will 
be posted. The Forest Service has posted a notification/warning sign on Smoky Canyon Mine 
Road.  In the future, the Forest Service may elect to post warnings signs to inform the public 
about the overburden material buried at the Site.  Physical barriers such as fencing and signage 
are potentially implementable and are retained for further evaluation as process options. 

The Forest Service administers several grazing allotments that encompass portions of the Site. 
Land managers use grazing management plans as tools to protect water quality, forage, and 
beneficial use. Traditionally, grazing control is the practice of managing forage harvest levels by 
cows, horses, and sheep, so that the plant cover and community composition are maintained 
and erosion and sedimentation are not accelerated. Grazing controls may include guidelines for 
the duration of grazing, the type of livestock allowed to graze on the area, salt/mineral 
supplement requirements during grazing, and timing of grazing to reduce the risk to livestock. 
Grazing controls are often included as a BMP temporarily during implementation of the final 
remedy. Controlling domestic livestock grazing would allow establishment of vegetation on 
recently seeded areas and is retained for further consideration.  

4.4.4 Containment 

Several technologies and process options within the containment GRA are identified and 
considered for solid media and groundwater and surface water that exceed standards or action 
levels. This GRA consists of containment measures to prevent or limit exposure to impacted 
media rather than treatment of the media. Some of the technologies are applicable to both 
overburden solids and soils and groundwater and surface water while others are applicable 
specifically to either solids/soil or groundwater/surface water. These technologies and process 
options can be used alone or in conjunction with surface control and flow control and routing 
technologies and process options. 
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4.4.4.1 Engineered Covers 

Engineered covers are commonly used to prevent direct contact with seleniferous materials and 
to reduce infiltration and erosion, thereby reducing the release of selenium and arsenic that may 
potentially impact groundwater and surface water. Covers have already been used extensively 
at the Site for post-mining reclamation.  Engineered covers are therefore applicable to 
overburden solids/soils, but may also provide benefits for groundwater and surface water. There 
are a variety of available engineered cover designs.  

Various cover types, as well as encapsulation of seleniferous material, are discussed in the 
Selenium Management Practices document (Interagency/Phosphate Industry Selenium Working 
Group [SeWG] 2005). General design requirements for engineered covers include impedance of 
liquid migration through the solid media, maintenance requirements, sufficient drainage, 
resistance to damage by settling or subsidence, with a permeability lower than or equal to the 
underlying natural soils. Simplot identified source areas and available volumes of the primary 
material types to be evaluated for use in CERCLA cover systems (i.e., soil, tailings, Rex Chert 
and limestone gravel, and Dinwoody Formation material) that are considered for the FS 
(Formation 2016b). These cover systems are described below. 

Soil Cover 

A conventional soil cover can provide a physical barrier between the vegetation root zone and 
ODA materials, thus reducing the potential for selenium uptake by selenium-accumulating 
plants along with preventing direct contact and ingestion by potential receptors. Of particular 
interest in semi-arid environments is the use of a cover designed to store rainwater and release it 
via evapotranspiration through the vegetative cover. It can also reduce infiltration of precipitation 
into the underlying overburden materials.  The soil cover is potentially implementable and is 
retained for further evaluation. 

Tailings Cover  

As described in the Cover System Pilot Study Memorandum (Formation 2014b), Site-specific 
physical and chemical data for tailings indicate that tailings material is likely to be suitable for 
use in ODA covers. Two tailings impoundments, Tailings Pond No. 1 (TP-1) and Tailings Pond 
No. 2 (TP-2) are adjacent to the Site. Several million cubic yards of tailings are available in the 
impoundments and approximately 500,000 dry tons are generated each year by ongoing mining 
operations. Tailings material can provide a physical barrier between the vegetation root zone 
and ODA materials, thus reducing the potential for selenium uptake by selenium-accumulating 
plants along with preventing direct contact and ingestion by potential receptors.  

The physical properties of Smoky Canyon tailings were evaluated in recent geotechnical testing 
as part of the Dairy Syncline planning process (Golder 2013). Based on the results, a minimum 
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saturated hydraulic conductivity of 10-5 centimeters per second (cm/s) was estimated. This is in 
the range of hydraulic conductivity of Dinwoody Formation material measured at the Site. The 
Tailings Revegetation Field-Scale Pilot Study was a 5-year study that was performed near the 
Smoky Canyon tailings impoundments (Formation 2013c), and investigated plant uptake of 
selenium and how the tailings performed as a growth medium. This study found that seeded 
vegetation can establish and grow on tailings material, with or without amendments, and that 
selenium uptake into plants is low. The results show that uptake of selenium by plants growing 
on tailings would not be an ecological risk issue. Tailings material is potentially implementable 
for use as a single-layer cover and as a component of a multiple-layer cover system, and is 
retained for further evaluation. 

Rex Chert/Limestone Cover 

Rex Chert/limestone barriers are used as BMPs in current phosphate mining in southeastern 
Idaho (Montgomery Watson 2000). When installed directly above the ROM overburden, 
chert/limestone provides a capillary break, or an additional thickness of non-seleniferous 
overburden within the cover profile to prevent vegetation from rooting in overburden materials 
higher in selenium (i.e. center waste shale), and to prevent vegetative uptake and potential risk 
to grazing or foraging animals. Additionally, the coarse texture and corresponding low water-
holding capacity result in unfavorable conditions for root advancement through the 
chert/limestone and into the overburden. Chert may also help prevent small mammals from 
burrowing into the overburden material. A capillary break layer can provide lateral drainage, 
which can improve the long-term stability of the cover. Rex Chert/limestone is available from 
ongoing mining operations, and has a generally coarse composition dominated by gravels with 
some sands and few fines. 

Potential use of chert/limestone for cover material was evaluated as part of the EE/CA process 
for the Pole Canyon NTCRA (Formation 2012a). Due to the coarse textural composition, 
chert/limestone is unfavorable as a growth medium (i.e., would not support vegetation growth) 
without additional amendments; if used alone as a surface cover material, chert/limestone would 
actually result in increased infiltration compared with the existing overburden due to its high 
saturated hydraulic conductivity. Therefore, use of chert/limestone was considered only as a 
layer between the growth medium and ROM overburden or as a water conveyance layer in a 
more complex cover system (i.e. geosynthetic clay liner [GCL], Dinwoody or tailings). In this 
position in the cover system, the thickness of the chert/limestone cover does little to influence 
the amount of net percolation into the underlying overburden. Therefore, the thickness of 
chert/limestone should be determined based on its function as a barrier or its water conveyance 
performance. The rate of generation and availability of chert/limestone from active mining 
operations is a key factor in the scope and timing of implementation. The chert/limestone cover 
is a proven, effective material, and is retained for further evaluation. 
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Dinwoody Cover 

Dinwoody Formation material is well suited for use in cover systems at the Site. It is a locally 
available/abundant material that can be easily accessed in areas near the backfilled pits and 
external ODAs. Although there is some variability in the composition and material properties of 
the Dinwoody Formation at the Site, it is generally comprised of interbedded siltstone, shale, 
and limestone that grade into a calcareous shale and siltstone with depth. Typically, Dinwoody 
is a well-graded, fine-textured material with a low saturated hydraulic conductivity and a high 
moisture storage capacity. The gradation and texture of Dinwoody provide a growth medium 
that supports vegetation, and the low saturated hydraulic conductivity of the Dinwoody reduces 
net infiltration. 

The effectiveness of using Dinwoody for cover systems has been demonstrated on Panel E 
(Formation 2012a), where it has provided stable reclamation surfaces and resulted in successful 
growth of vegetation. Dinwoody material was also used as part of the cover system for the 2013 
NTCRA on the Pole Canyon ODA. The NTCRA included minor grading of the ODA, placement 
of a 2-foot-thick chert/limestone cover overlain by a 3-foot-thick Dinwoody cover, installation of 
stormwater runoff controls, and revegetation with non-selenium-accumulating species. The 
Dinwoody cover is a proven, effective material, and is retained as a cover option. 

Geosynthetic Covers 

Geosynthetic covers consist of multiple layers and may include a geomembrane (GM) or a GCL. 
A GCL is a woven fabric-like material that incorporates a bentonite or other clay, which has a 
very low hydraulic conductivity.  A geosynthetic clay laminate liner (GCLL) includes a layer of 
bentonite clay inserted between two geotextile layers. The top geotextile layer is laminated with 
a polyethylene geomembrane layer, providing an additional layer of protection against 
desiccation and ion exchange degradation. If a low permeability cover such as a GM or GCL is 
used, an overlying natural or geosynthetic drainage layer must be placed just below the soil or 
rock cover and the closure slope generally needs to be flatter than 3:1 to achieve stability of the 
cover over the geosynthetic materials. If a GM is selected, it must have high internal shear 
strength to provide stability on side slopes steeper than 5:1. For side slopes of 3:1, additional 
anchoring of the geosynthetic is required and angular gravel or rock is required above a 
geotextile for stability of this layer. The use of a geosynthetic cover is retained as a possible 
cover technology. 

4.4.4.2 Barriers 

Vertical barriers may be used to control migration of contaminants in groundwater. Low 
permeability cutoff walls or diversions may be installed below ground to contain, capture, or 
redirect groundwater flow. 

https://en.wikipedia.org/wiki/Bentonite
https://en.wikipedia.org/wiki/Clay
https://en.wikipedia.org/wiki/Hydraulic_conductivity
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Slurry Walls 

Slurry walls are the most common subsurface barriers because they use conventional 
technology and are an effective means of reducing groundwater flow in unconsolidated earth 
materials. A slurry wall is constructed by blending a soil mixture with a bentonite slurry and 
placing the mixture in a vertical trench to form a low permeability barrier wall. In some cases, 
the trench is excavated under a slurry of cement, bentonite, and water, and this mixture is left in 
the trench to harden. Slurry walls are not feasible at the Site because the Wells Formation 
aquifer is deep and highly fractured. Slurry walls are not retained as a process option for further 
evaluation. 

Sheet Piling 

Sheet piling may be used to form a physical groundwater barrier. Sheet piles are made of wood, 
synthetic materials, pre-cast concrete or steel. Concrete is used primarily where great strength 
is required. Steel is often the most effective form of sheet pile cutoff. However, interlocks 
between barrier panels may be difficult to seal. Sheet piling is not feasible at the Site because 
the Wells Formation aquifer is deep and highly fractured. Sheet piling is not retained for further 
evaluation. 

Rock Grouting 

Rock grouting or grout curtains are subsurface barriers created in fractured or unconsolidated 
materials by pressure injection of a low permeability grout mixture. The vibrating beam method, 
where grout is placed in the void left from the retreat of a previously driven pile, is most often 
used to place grout to generate a wall in unconsolidated soils. Injection of grout is not feasible 
because the bedrock is fractured; the vibrating beam method is not feasible because of the 
highly fractured nature of the Wells formation aquifer and its depth. Rock grouting is not retained 
as a process option for further evaluation. 

4.4.4.3 Sediment Control Features 

Sediment control features may be used to reduce or eliminate loading of sediment in a stream 
or to minimize the movement of sediments already in the channel. Process options for the 
sediment control remedial technology include dikes or berms and detention basins. Within the 
Site, such sediment controls are applicable only to stormwater runoff, and would not be 
appropriate for use in various drainages where containment process options (e.g., rock covers) 
would be more effective in terms of controlling sediment mobilization.  
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Dikes/Berms 

Dikes and/or berms consist of grading and reshaping the surface of the land in order to manage 
surface water infiltration and runoff while controlling erosion. Dikes and berms must be blended 
with surrounding and undisturbed ground to provide a smooth transition in topography. Dikes 
and berms have been implemented at the Site and are potentially implementable for future 
actions and are retained for further evaluation. 

Detention Basins 

Detention basins, also termed sedimentation basins or ponds, detain stormwater runoff allowing 
sediments to settle out of the water. Detention basins have been shown to be moderately to 
highly effective in settling and removing sediment and moderately effective at minimizing 
contaminant volume. Detention basins have been applied as BMPs at several of the external 
ODAs at the Site. Detention basins are retained for further evaluation. 

4.4.5 Source Control, Flow Control and Routing 

Source control, flow control and routing GRAs consist of active measures to effectively manage 
source materials (e.g., overburden solids/soils) and groundwater and surface water contact 
(flow volume, velocity, and direction) with those source materials. In particular, these 
technologies limit the transport of COPCs to surface water. Source controls, flow control and 
routing may be used as stand-alone technologies or in conjunction with other technologies. 

4.4.5.1 Surface Controls 

Surface control process options considered for use at the Site include grading, erosion control 
and protection, and vegetation. These process options are applicable to overburden solids/soils, 
but may also provide benefits for groundwater and surface water by reducing/eliminating 
releases of selenium from soils/overburden into groundwater or surface water. Any land surface 
alterations associated with surface controls must be blended with surrounding and undisturbed 
ground to provide a smooth transition in topography. 

Grading 

Grading is the general term for techniques used to reshape the surface of the land in order to 
manage surface water infiltration and runoff while controlling erosion, thereby providing both 
source control for overburden solids/soils and flow control for groundwater and surface water. 
The general equipment and methods used in grading are conventional technologies, readily 
available and essentially the same for all surfaces. However, specific applications of grading 
technology will vary by site. Grading is often conducted in conjunction with surface preparation 
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practices and revegetation as part of an integrated site remediation, which includes other 
actions such as containment. Grading is retained for use in conjunction with other technologies. 

Erosion Control and Protection 

Erosion protection consists of the use of erosion-resistant materials such as riprap, vegetation, 
and geosynthetic fabrics to reduce or eliminate erosion of solid media by stormwater runoff. 
These materials are often installed after regrading of the surface has been performed. Erosion 
protection uses conventional equipment and materials. Erosion-control fabrics can promote 
vegetation by retaining moisture and protecting the seedlings during germination. Maintenance 
requirements for these erosion protection measures are minimal. Erosion protection is suitable 
for dry mine waste (i.e., overburden), impacted surface soils, and impacted subsurface soils 
above the water table. This process option can be used with other technologies and as a stand-
alone technology. Erosion control protection is retained for further evaluation. 

Vegetation 

Establishing a vegetative cover is a standard surface reclamation technology for backfilled pits 
and external ODAs. In addition to stabilizing surface materials by reducing erosion potential, the 
vegetation increases evapotranspiration (ET) at the surface and reduces water infiltration into 
overburden and subsequent release of selenium. The 2006 Smoky Canyon Mine EE/CA 
(NewFields 2006) suggested that infiltration may be decreased by as much as 50% by 
establishing a well-vegetated cover on poorly vegetated overburden. Although this 50% 
reduction was not determined from modeling, it was applied to several alternatives to roughly 
estimate the potential benefits of establishing a good vegetative cover. Planting of native 
species that have low affinity for selenium uptake may be effective in reducing potential risks to 
grazing livestock and ecological receptors. Vegetation also improves aesthetics. Previous 
response actions at the Pole Canyon ODA have demonstrated the effectiveness and 
implementability of revegetation measures in conjunction with containment/covers (Formation 
2006, 2012a). Vegetation is retained for further evaluation in conjunction with engineered cover 
process options. 

4.4.5.2 Slope Stabilization 

Slope stabilization technology includes slope reduction and retaining walls to reduce erosion 
and sediment transport. Slope stabilization process options are often used in combination with 
other technologies or process options in source control/containment and flow control/routing 
GRAs. Slope stabilization is applicable to overburden solids/soils. 
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Slope Reduction 

Slope reduction consists of flattening or reducing the grade of the surface slopes of areas of 
concern including backfilled pits and external ODAs. This slows stormwater runoff velocity, limits 
erosion, promotes vegetation, and reduces the potential for slope failure. Slope reduction is 
retained for further evaluation. 

Retaining Walls 

Retaining walls may be used with grading/slope reduction to stabilize steep soil slopes by 
reducing the effective slope of an earthen surface. Retaining walls are rigid vertical or near 
vertical structures of steel beams and sheets, concrete, masonry blocks, wood, rock, or other 
materials capable of withstanding the structural forces imparted by the soil on the uphill face of 
the wall. This process option is constructed using conventional techniques. Retaining walls are 
retained for further evaluation for use in ODA cover construction if needed to stabilize slopes. 

4.4.5.3 Diversion 

Diversion consists of routing or managing flow within open channels or closed conduits, and is 
applicable to surface water, specifically stormwater. Flows can be diverted to open surface 
water bodies, sedimentation basins, or treatment systems. Diversion ditches and stream 
alteration are listed as BMPs for phosphate mining in southeastern Idaho (Montgomery Watson 
2000) and discussed in the Selenium Management Practices document (SeWG 2005). 

Diversion ditches can be used to prevent “clean” surface water from coming in contact with the 
overburden in a disposal area. Additionally, diversion ditches can be constructed on an ODA to 
manage runoff in such a manner as to limit infiltration and resultant leaching. This remedial 
technology limits the release of selenium from overburden and migration from the ODA to 
nearby surface water or groundwater. Diversion ditches are effective if they are adequately 
designed and maintained. At the Site, diversion ditches would be effective upgradient of 
certain backfilled pits and external ODAs to reduce clean surface water run-on from the 
adjacent slopes by diverting it into existing creeks.  They may also be used on long ODA 
slopes to shuttle water off the overburden. 

Stream alterations can be used to limit the “clean” water that comes in contact with overburden. 
This is accomplished by diverting the natural stream channel away from an ODA or backfilled pit 
using closed conduits (e.g., culverts/piping), infiltration basins, and/or construction of a new 
stream channel that mimics the natural stream features in the area. Permits must typically be 
obtained from both the Idaho Department of Water Resources and the Army Corps of Engineers 
prior to implementation. Although under CERCLA the need for such permits is waived, the 
substantive requirements must still be met. Stream alterations are effective if they are 
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adequately designed and maintained. Stream alteration was used as a component of the 
NTCRA for the Pole Canyon ODA. 

Open Channels 

Open channels are engineered canals or ditches constructed for the purpose of collecting and 
conveying surface water. Constructed conventionally by excavating and shaping the ground 
surface, open channels are usually lined with vegetation, riprap, or concrete, as necessary and 
appropriate for the anticipated flows, channel dimensions and gradient, to prevent erosion by 
surface water. Open channels are constructed with engineered grades and side slopes for 
specifically designed flow volumes and velocities. Open channels may also be used to manage 
groundwater flow after collection. Open channels are retained for further evaluation. 

Closed Conduits 

Closed conduits also provide a means to manage and control surface water. Closed conduits 
usually consist of culverts or pipes and are typically constructed of high-density polyethylene 
plastic, polyvinyl chloride plastic, corrugated metal, steel, or concrete depending on the 
engineering requirements. Often used for conveying flow on steeper grades, where space is 
limited or infrastructure encroaches, closed conduits minimize or eliminate erosion of surface 
soils. Closed conduits must be maintained to ensure proper operation. Similar to open channels, 
closed conduits can also be used to route groundwater flow after collection. Closed conduits are 
retained as a process option for further evaluation. 

4.4.6 Removal and Disposal 

Remedial technologies for the removal and disposal GRA for overburden solids and soils and 
groundwater and surface water include excavation of solids and soils, collection of groundwater 
or surface water using extraction wells or trenches, and disposal or consolidation either onsite 
or offsite. 

4.4.6.1 Excavation 

Excavation involves physical removal and transport of solid materials from one location to 
another. This technology can be combined with technologies or process options from other 
GRAs such as containment or treatment. Solid media can be excavated by a variety of 
processes including conventional earthmoving equipment (graders, scrapers, excavators, etc.), 
hydraulic excavation, bucket-wheel excavation, drag line, clamshell, slurry pump, or vacuum 
truck. In wet conditions, hydraulic excavation and slurrying have been used for sediment 
removal from stream channels. 
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Excavation and removal of source materials is a viable option for mining features at the Site that 
are of relatively small volume; such as sediments in stormwater detention basins or in ponds 
downgradient of seeps. These materials could be consolidated with other mining features. The 
implementability of disposal options would depend on the timing relative to active mining 
operations. If active mining is occurring, then excavated materials could be used as backfill in 
pits, or included in external ODAs to be covered as required by the mine plan. Materials could 
also be placed in the tailings pond to be covered during reclamation, depending upon the 
schedule for closure. Complete source removal is not a viable option for pit backfill and external 
ODAs. The material volume is large (millions to tens of millions of cubic yards) and no suitable 
location exists for disposal. Also, the resultant disposal area would have similar environmental 
conditions and issues as for the current pit backfill and ODAs. Excavation is retained as a 
process option for small-volumes of material (e.g., detention basin sediments). 

4.4.6.2 Collection 

Process options for collection of groundwater include extraction wells and interception trenches. 
Once collected, the groundwater may be either treated or disposed. 

Extraction Wells 

Extraction wells can typically be used to capture groundwater and control gradients and flow 
direction. Wells are constructed with conventional drilling equipment and materials. Extraction 
wells create a local groundwater sink that causes flow towards the well. Once extracted, the 
water can be routed and managed as necessary. Due to the complex geology at the Site, 
groundwater flows along preferential pathways and along the West Sage Valley Branch Fault 
and discharges at Hoopes Springs and South Fork Sage Creek springs. As a result, extraction 
wells would not be effective for collection of deep Wells Formation groundwater that has been 
impacted by releases from ODAs. Extraction wells are not retained as a process option for 
further evaluation. 

Trenches 

Interception trenches are excavated ditches or channels used to collect, control, and manage 
surface water or groundwater flow. The trenches are excavated to a depth greater than the 
groundwater table and are either maintained as open trenches or filled with permeable material 
such as riprap, drain rock, or drainage pipe. Groundwater flows toward and is intercepted by the 
trench. The trench can be designed to control the level of the water in the vicinity of the trench. 
Once in the trench, the water may be managed and routed as necessary. Both closed (gravel-
filled or pipe) or open trenches are effective for collection of groundwater in low permeability 
soils with shallow groundwater tables. Due to the complex geology at the Site, deep Wells 
Formation groundwater that has been impacted by releases from ODAs flows along preferential 
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pathways and along the West Sage Valley Branch Fault and discharges at Hoopes Spring and 
South Fork Sage Creek springs. Because most of the groundwater at the Site is in the deep 
Wells Formation aquifer, collection trenches are not retained as a process option for surface 
water/groundwater collection.  

4.4.6.3 Solids Disposal 

Disposal process options available for solid media include onsite disposal at a repository, onsite 
consolidation with other mine wastes, or offsite disposal at a disposal facility. 

Onsite Disposal 

Onsite disposal of excavated solid media would require an agency-approved location for 
disposal. Onsite disposal would limit or prevent the movement of selenium and is considered to 
be a suitable process option for removal and disposal of small volumes of material such as 
treatment residuals. Therefore, onsite disposal is retained for further evaluation for the 
byproducts of treatment. 

Onsite Consolidation 

Consolidating overburden can limit the water in flow, the oxygen in flux, and the uptake by 
vegetation thus limiting the impact to surface water, groundwater, grazing livestock, and wildlife. 
By consolidating small volumes of material into one disposal area, there can be an overall 
reduction in surface area available for infiltration of precipitation and leaching of contaminants, 
while also providing an environment within the disposal area that is more conducive to lower 
oxidation rates. An example of consolidation would be to relocate delineable highly seleniferous 
materials to backfilled pits to minimize the leaching of selenium from external disposal areas. 
Consolidation is a good approach for relatively small volumes of overburden currently in less 
than ideal settings, but is not effective for larger volumes because of the diminishing change in 
surface area with consolidation. Likewise, relocation of large overburden disposal areas will 
have a limited reduction in overall impact to surface and groundwater because it would require 
designation of a new disposal area as a disposal area with nearly the same surface area for 
infiltration. Consolidated mine wastes would require an appropriate cover and long-term 
monitoring and maintenance. Onsite consolidation is retained for small volumes of material such 
as treatment residuals. 

Offsite Disposal 

Excavated solid media may be disposed of offsite. Offsite disposal requires excavating the 
impacted solid media and transporting the media to an appropriate disposal facility. Although 
not generally required for mine wastes, pretreatment of mine wastes that exceed Resource 
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Conservation and Recovery Act (RCRA) toxicity criteria, based on the toxicity characteristic 
leaching procedure (TCLP) test (EPA Method 1311) would be required prior to disposal in a 
hazardous waste landfill. Offsite disposal would reduce the volume of waste material and is 
considered to be a suitable process option for removal and disposal of small volumes of 
hazardous material such as treatment residuals. Therefore, offsite disposal is retained for 
further evaluation for the byproducts of treatment. 

4.4.6.4 Groundwater/Surface Water Disposal 

Disposal options for aqueous media include injection/infiltration, or conveyance and discharge 
to an appropriate treatment facility. 

Injection 

Injection wells may be used for disposal of impacted aqueous media by injecting water into 
wells drilled into the subsurface. Groundwater at the Site occurs in alluvium and in Wells 
Formation bedrock. Because the valley-fill alluvial groundwater flow system discharges to 
surface water at Sage Creek, injection of groundwater into this system would not result in 
disposal and would not be feasible. Because the Wells Formation aquifer discharges at the 
springs complex, injected groundwater would be transported to this area, and therefore, would 
not be disposed. Injection of groundwater would not be feasible. Neither of these hydrogeologic 
units provides an appropriate situation where large quantities of water could be injected for 
disposal. Aqueous injection is therefore not retained for further evaluation. 

Discharge to Treatment Facility 

Impacted aqueous media may also be routed to a publicly owned treatment works or a 
dedicated treatment facility at the Site. There are no publicly owned treatment works in the 
vicinity of the Site, therefore, this option is not implementable. Discharge to a treatment facility 
onsite is implementable and is retained for further evaluation. 

4.4.7 Treatment 

4.4.7.1 Ex-Situ Treatment 

This section provides more detailed information about the ex-situ treatment options being 
evaluated, along with a preliminary screening of each technology. 
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Groundwater and Surface Water 

Separation 

Gravity – Gravity separation involves settling of suspended solids in ponds, basins, or 
tanks, with or without aid of baffles or other devices.  Gravity settling typically results in 
sludges with a solids content of 30% to 40% by weight.  The technology would not 
remove dissolved selenium, and is not considered as a viable stand-alone treatment. 
However, gravity separation may be implementable in conjunction with other 
technologies that generate suspended solids.   

Mechanical – Mechanical separation is a process to remove solids from liquids.  
Mechanical separation is achieved using devices such as belt presses, filter presses, 
and vacuum filtration units.  These devices can attain up to about 70% solids 
concentration depending on the nature of the solids to be removed.  Mechanical 
separation would not address the dissolved selenium in water at the Site, but would 
potentially be effective for dewatering waste streams from other treatment technologies 
and is retained for this potential use. 

Media Filtration – Media filtration is a separation process which uses granular material 
(typically, anthracite coal and/or sand) through which influent water flows.  Suspended 
solids are trapped on top and within the filter bed, while effluent is collected in an 
underdrain.  As suspended particles collect in the filter media, they block the drain pores, 
reducing the filter effectiveness. The collected solids are rinsed out periodically by 
reversing the direction of the flow through the media (backwashing).  Like the other 
physical separation processes, media filtration would not be an effective stand-alone 
process, but is retained for consideration in conjunction with other technologies. 

Demineralization 

Reverse Osmosis – Reverse osmosis is a physical treatment process in which 
pressurized water passes through a semipermeable membrane.  The applied pressure 
to the waste stream is greater than the osmotic pressure of the feed water.  As water 
passes through the membrane, dissolved constituents in the water are concentrated on 
the feed side of the membrane to form the waste brine and a dilute product water on the 
permeate side of the membrane. The waste brine may be as much as 15% to 25% of the 
total feed water flow, and requires further handling and treatment.   

A treatability pilot study was conducted at Smoky Canyon Mine to evaluate the 
effectiveness of reverse osmosis to remove dissolved selenium and other constituents 
from Site waters.  The selenium concentration in the influent water for the pilot study was 
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0.03 to 0.05 mg/L. Selenium in the “concentrate,” produced by the reverse osmosis unit, 
ranged from 0.14 to 0.20 mg/L. Selenium concentration in the “permeate” (effluent) from 
the reverse osmosis unit was effectively non-detect. The unit was capable of treating 
approximately 25 gallons per minute (gpm), with the concentrate comprising 5 gpm and 
the clean permeate being the remaining 20 gpm. The results of the study showed the 
system was highly effective at separating and concentrating the selenium.  Reverse 
osmosis is considered a potentially implementable technology for treating water at the 
Site.  It would need to be combined with a technology that removes selenium from the 
aqueous concentrate stream. 

Ultrafiltration – Ultrafiltration is a membrane-filtration technology similar to reverse 
osmosis; however, the pore size in the membrane is slightly larger than the pore size in 
the reverse osmosis membrane allowing monovalent ions (e.g., sodium, chloride, etc.) to 
pass through while rejecting multivalent ions (e.g., selenium, calcium, sulfate, etc.). 
Ultrafiltration is potentially less costly because it runs at lower operating pressures and is 
subjected to less fouling.  The proportion of water that can be treated by ultrafiltration will 
vary depending on its chemical composition.  Ultrafiltration is considered a potentially 
implementable treatment technology and may be used in conjunction with or as a 
substitute for reverse osmosis. 

Ion Exchange – Ion exchange is a treatment method in which cation or anion exchange 
resins are used to remove ions from water/wastewater.  Ions held by electrostatic forces 
to charged function groups on the surface of the ion exchange resin are replaced by ions 
of similar charge in the water.  Ion exchange resins are selected to preferentially remove 
specific ions from the feed water and replace them with highly soluble, nontoxic ions.  
Due to regeneration and rinsing requirements, the ion exchange process would result in 
waste materials, which would require further handling and treatment.  Ion exchange may 
be an appropriate process option for selenium removal in conjunction with other 
processes. 

Electrodialysis – Electrodialysis is a membrane process that employs an electric field as 
the driving force for separating a liquid influent into a concentrated stream and a 
depleted (“clean”) stream. Cation exchange membranes permit only negatively charged 
ions to pass, while anion exchange membranes permit only positively charged ions to 
pass. Electrodialysis is typically used for low flow rate and high contaminant 
concentration wastewater treatment applications. Electrodialysis has not been 
demonstrated as an effective process for the removal of selenium; therefore, it is not 
considered an appropriate treatment technology option and is not retained. 
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Adsorption 

Activated Carbon – Carbon adsorption is a proven technology for the removal of organic 
constituents in water treatment systems. In the carbon adsorption process, water is 
contacted with the activated carbon in a series of packed bed columns.  Although carbon 
adsorption is an effective method of removing organic constituents, it is only moderately 
effective for removal of inorganic constituents. Carbon adsorption has been used to treat 
low concentration levels of arsenic, but is ineffective for the removal of selenium; 
therefore, carbon adsorption is not retained for further consideration. 

Metal Oxide – Metal oxides are capable of selective metal adsorption.  A pilot scale 
study was performed at the Site to test the effectiveness of a zero-valent iron, metal 
oxide adsorption system. Zero-valent iron was selected over the more common activated 
alumina due to the potential for the iron media to more effectively remove selenium than 
the alumina.  Selenium concentrations in the pilot influent ranged from 0.035 to 0.050 
mg/L. The 24-gpm system only achieved an average selenium reduction of 40% to 50% 
(not sufficient to meet surface water quality standards). This study demonstrated that the 
technology would not be effective at consistently reducing selenium concentrations to 
levels that would meet Site PRGs and is therefore not retained for further consideration. 

Chemical 

Solvent Extraction – Solvent extraction is the separation of constituents from a liquid by 
contact with another, immiscible, liquid.  Solvent extraction is effective on organic 
constituents, but is not an effective treatment method for inorganic constituent removal; 
therefore, solvent extraction is not an appropriate process option and is not retained. 

Chemical Precipitation – Chemical precipitation is a treatment method in which dissolved 
ions/salts are precipitated in the form of insoluble salts. Precipitation is caused by 
addition of chemicals to reach chemical saturation and/or vary the pH.  The insoluble 
salts may be removed from the water by sedimentation, coagulation, and/or flocculation.  
Precipitation is considered potentially implementable for removal of selenium in 
conjunction with other treatment technologies. 

Oxidation/Reduction – Chemical oxidation and reduction use agents such as oxidation, 
chlorination, hydrogen peroxide, and ultraviolet light to react with contaminants and 
oxidize them. Oxidizing agents are non-specific, and will react with any reducing agents 
present in the water to be treated. In some cases the reaction products have the 
potential to be more toxic than the original contaminants. Care must be taken when 
selecting the oxidizing agents to be used. Oxidation/reduction reactions have been 
demonstrated as an effective stand-alone process for treatment of organics and some 
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inorganic compounds such as cyanides. Oxidation/reduction may improve the separation 
characteristics for removal of selenium if used in conjunction with other treatment 
technologies. 

Biological 

Biodegradation – Biological treatment involves the degradation or reduction of 
contaminants by microorganisms. Two pilot scale biological treatment systems have 
been evaluated at the Site. The first system was a semi-passive, buried, anaerobic, 
bioreactor used to treat a low flow, high concentration toe seep from one of the ODAs. 
The initial bioreactor vessel was amended with cheese whey, compost, and zero-valent 
iron to establish and maintain the appropriate environmental conditions for the targeted 
microorganisms. The pilot system operated for approximately 7 months and achieved a 
selenium removal efficiency between 72% and 97% (Moller 2002). This pilot unit was 
refitted and has been used for ongoing semi-passive treatment. Initial data indicate the 
ongoing selenium removal has been in the range of 60%. 

The second biological treatment pilot study is a larger scale, active water treatment 
plant.  The plant consists of an anaerobic fluidized bed bioreactor. The reactor contains 
media that hosts a film of bacteria that specifically target selenium for their biological 
metabolism.  This pilot study started in 2015 and is ongoing.  Initial data indicate that the 
active fluidized bed bioreactor is capable of achieving 80% to 90% removal. 

Biological treatment of water at the Site has the potential to be effective at removing 
selenium from groundwater and surface water and is retained for further consideration. 

Thermal  

Mechanical Evaporation – Mechanical evaporation is a process in which water is heated 
to the boiling point.  The water vapor is condensed to form condensate (distilled water), 
which is the product. The contaminants are concentrated in the water brine byproduct.  
Because of the large water flow rates at the Site, mechanical evaporation would not be 
implementable and is not retained for further consideration. 

Wet Air Oxidation – Wet air oxidation is a combustion process that occurs in the liquid 
phase, by adding air at high pressure and elevated temperatures. The products of the 
reaction are water, nitrogen compounds, carbon dioxide, and an oxidized liquid stream.  
While the process is effective at destroying organic compounds, it is not considered 
effective for inorganics; therefore, wet air oxidation is not an appropriate process option 
for the Site and is not retained. 
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Soils and Solids 

Physical 

Stabilization/Fixation – Stabilization/fixation is a technology in which inorganic or organic 
agents are added to impacted soil to reduce the solubility or mobility of contaminants.  
Ex-situ stabilization generally involves excavation of the solids, mechanical mixing of the 
solids with stabilizing agents, curing of the mass for optimal leach resistance and 
geotechnical properties, followed by onsite or offsite disposal of the stabilized mass.  A 
variety of stabilization agents are available, including cement, fly ash, silica, bentonite, 
and various polymers. The types and combinations of stabilization agents which are 
effective for a particular waste depend on the chemical and physical characteristics of 
the solid. Stabilization and fixation may be effective for reducing the mobility of 
metals/metalloids and other inorganic constituents in solid sources; however, given the 
large volume of overburden at the Site it is not implementable and is not retained. 

Dewatering – Dewatering is most effective for separating liquid and solid media for 
further treatment or disposal. Dewatering is not applicable for large volumes of 
overburden material; therefore this process is not retained for further consideration. 

Separation – Physical separation is a process whereby soils are slurried and passed 
through a gravity separation process to extract inorganic constituents. This process is 
most effective where there is a significant difference in particle size, and the 
contaminants are present in a narrow range of sizes. It is also effective where free 
inorganic constituents are present and can be selectively removed. These conditions are 
not present at the Site, and this process option is therefore eliminated from further 
consideration. 

Thermal 

Incineration – Incineration is a process which effectively destroys organic compounds by 
applying sufficient energy to convert these compounds into nontoxic constituents (e.g., 
water and carbon dioxide). Incineration is not effective as a treatment technology for 
inorganic constituents such as selenium; therefore, this technology is eliminated from 
further consideration. 

Desorption – Desorption is a process by which volatile compounds are separated or 
recovered from a solid matrix. These separation process options are effective for organic 
constituents, but are not effective for inorganic constituents. This technology is not 
appropriate for use at the Site and is not retained. 
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Chemical 

Oxidation/Reduction – Similar to the ex-situ treatment of water, oxidizing agents can be 
applied to solids and soil to react with contaminants reducing them to a less toxic or 
mobile form.  The ex-situ version of this process is achieved by excavating the solids, 
and slurrying them in a reactor with the oxidizing agent. These reactions can be effective 
in detoxifying hazardous sludges containing both organics and inorganics.  Common 
oxidizing agents used for sludge treatment include hydrogen peroxide, chlorine, and 
ozone.  This treatment would not be effective for treating contaminants as a stand-alone 
technology, but could be used in conjunction with other treatment options to reduce the 
toxicity of process solids. 

Hydrolysis – Hydrolysis is a process in which contaminants react with hydrolyzing agents 
resulting in the decomposition of the chemical compounds.  It is widely used for treating 
organic wastes, and may be effective for some inorganic chemicals, including elemental 
phosphorus. The hydrolyzing agent is usually a mineral acid or alkaline solution.  
Hydrolysis would not be a good treatment option for the Site due to the possibility of 
producing toxic reaction byproducts, and the inability of the treatment to adequately 
remove selenium. 

Extraction – Soil washing is generally a multistage, counter current, intense scrubbing 
circuit in which contaminated soils or sludges are excavated/dredged, screened, attrition 
scrubbed, washed with a surfactant, and separated. The application of soil washing has 
been demonstrated for petroleum hydrocarbon and wood treating chemical 
contaminated soils. The effectiveness of extraction in the treatment of selenium has not 
been proven; therefore, this technology is not appropriate for use and is not retained for 
further evaluation. 

Biological 

Enhanced Biodegradation – Biological treatment of soils and solids consists of 
enhancing the biological degradation of constituents by microorganisms. Ex-situ 
biological treatment is typically implemented by slurrying solids with the nutrient 
additives needed to create favorable conditions for the desired microbial activity.  
Biological treatment of solids has been proven to be most effective for the treatment of 
hydrocarbons and other organic constituents. The technology is not implementable for 
the removal, or fixation of inorganic constituents in solids, and is not an appropriate 
treatment option for solids at Smoky Canyon Mine.   
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4.4.7.2 In-Situ Treatment 

This section provides more detailed information about the in-situ treatment options being 
evaluated, and the preliminary screening of each technology for implementability. 

Groundwater and Surface Water 

Chemical 

Chemical Injection – Chemical agents are directly injected into the impacted region of 
the aquifer to treat the groundwater.  The injected chemical agent interacts with the 
constituents in the groundwater plume to neutralize, precipitate, immobilize, fixate, or 
destroy the contaminants. 

General limitations of this technology include the possibility of displacing chemicals to 
adjacent areas due to the added volume of the chemical solution, and the production of 
hazardous compounds by reaction of the injected agents with constituents other than the 
treatment target.  Because of the Site conditions for groundwater – deep aquifer and 
fractured flow, and the properties of selenium and arsenic, chemical injection is not a 
viable technology for the Site and is eliminated from further consideration. 

Biological 

Biodegradation – In-situ biological treatment of groundwater uses similar scientific 
principles as ex-situ biological treatment.  In-situ biological treatment of groundwater is 
primarily achieved by enhancing conditions within the contaminated plume to favor 
native microorganisms that can metabolize the target contaminants. In most situations 
in-situ biodegradation is difficult to implement due to a lack of control for the key growth 
variables such as moisture, temperature, pH, and inorganic nutrients. Unlike ex-situ 
biological treatment options, in-situ biological treatment has only been proven effective 
for the degradation of organic compounds, and does not address selenium in 
groundwater. This technology is not appropriate for the Site and is not retained. 

Solis and Solids 

Physical 

Stabilization/Fixation – In-situ stabilization/fixation is performed by using special 
machinery to directly inject stabilizing agents, such as cement, into the soil.  Types of 
equipment used to deliver the stabilization agents into soils include rotary injection 
augers, jet grouting, and pressure grouting.  In-situ stabilization and fixation has similar 
advantages and disadvantages to ex-situ treatments.  Due to concerns about potentially 
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hazardous byproducts, this technology is not appropriate for use at Site and is not 
retained for further consideration. 

Aeration – Aeration of soils is typically achieved using soil vapor extraction systems.  
These systems apply a vacuum to subsurface wells to enhance the volatilization process 
for organic compounds.  This treatment technology is not applicable to the selenium at 
the Site, and is therefore eliminated from further consideration. 

Thermal 

Vitrification – Vitrification is a thermal treatment process that immobilizes inorganic 
compounds and destroys organic compounds by electrically heating and fusing the soil 
into a stable, glass-like block.  Due to the large volumes of overburden present at the 
Site, vitrification would not be implementable and is screened out from further 
consideration. 

Desorption – Thermal desorption is similar to aeration, with the addition of a heat source 
to aid in the volatilization process.  As previously discussed, this type of technology is 
not effective for the treatment of selenium, and therefore, is not appropriate for use at 
the Site. 

Biological 

Enhanced Biodegradation – In-situ biological treatment of solids uses the same 
principles as ex-situ biological treatment, except that the solids are not removed and are 
instead treated in place.  It consists of enhancing the biological degradation or reduction 
of constituents by microorganisms.  This process has not been demonstrated to be 
effective as a treatment for selenium in soils; therefore, this technology is not appropriate 
for the Site and is not retained. 

Phytoremediation – Phytoremediation involves the use of vegetation for the in-situ 
treatment of contaminated soils and sediments. Plants can directly uptake some organic 
and inorganic constituents, and accumulate them in the plant tissue.  Due to the 
presence of grazing livestock and wildlife in the vicinity of the Site, phytoremediation 
would not be an appropriate technology and is not retained. 
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4.5 Evaluation of Remedial Technologies and Process Options for Effectiveness, 
Implementability, and Relative Cost 

Each of the technically implementable remedial technologies and process options retained from 
the initial screening process presented in Section 4.4 were further evaluated to determine 
whether they should be eliminated from consideration or retained for assembly into remedial 
alternatives. Technologies or process options were qualitatively evaluated for effectiveness, 
implementability, and relative cost. The criteria used for this evaluation are as follows: 

Effectiveness 

Effectiveness of a remedial technology or process option is evaluated on the potential 
effectiveness in handling the estimated volume of solids/soil and groundwater/surface water and 
on meeting the objectives identified in the RAOs. Potential impacts to human health and the 
environment during construction and implementation are considered. The evaluation also 
considers whether or not the remedial technology or process option is proven effective for the 
conditions at the Site. 

Implementability 

Technically implementable remedial technologies and process options retained from the initial 
screening are evaluated for technical and administrative feasibility. Remedial technologies and 
process options that were clearly ineffective and were therefore not applicable or not feasible 
were eliminated during the initial screening. In this evaluation, implementability focuses on the 
ability to obtain permits for offsite remedial actions, administrative and institutional feasibility, the 
availability and capacity of treatment and disposal services, and the availability of necessary 
equipment and workers to implement the technology. 

Relative Cost 

Cost has a limited role in the screening of remedial technologies and process options. Relative 
capital and O&M costs are used rather than detailed cost estimates. The cost analysis is 
evaluated based on engineering judgment and is ranked relative to other process options (i.e., 
low, moderate, high cost) in the same remedial technology type. Because remedial alternatives 
and associated quantities are not defined during this screening evaluation, relative cost is 
provided qualitatively rather than quantitatively. The greatest differences in costs are generally 
associated with different technology types. Cost differences of different process options within a 
technology type are usually less significant. 

Each of the remedial technologies and process options retained from the initial screening were 
evaluated against the three criteria to determine whether they should be eliminated from further 
consideration in the FS or retained for assembly into remedial alternatives.  A summary of the 
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results of the evaluation process are shown in Figure 4-3. Remedial technologies or process 
options with low effectiveness, low implementability, and/or relative high cost are eliminated 
from further consideration and are not used to develop remedial alternatives. These process 
options are shaded gray. The specific location where implementation of a retained process 
option is applicable is also considered during the evaluation and is briefly described.  The 
screening is described in the following subsections. 

4.5.1 No Further Action 

The No Further Action alternative is required for consideration by the NCP and is retained. 

4.5.2 Institutional Controls 

Institutional controls are administrative and legal mechanisms that help to minimize the potential 
for exposure to contamination and/or protect the integrity of a response action. They may be 
used alone or in conjunction with other alternatives as part of an overall remedy and are meant 
to supplement engineering controls during all phases of cleanup and may be a necessary 
component of the selected remedy.  

The land where mining activities have occurred at the Site (and where the source areas are 
located) are on BLM lease areas. As such, land-use controls may be used by the Forest Service 
to prevent activities that could compromise the integrity of remedial actions. 

Simplot owns the land in Sage Valley are therefore could implement deed restrictions to prevent 
future activities that would present a risk. Deed restrictions would be effective. 

Public information programs would be effective to restrict activities that could compromise 
remedial actions.  For example, during the period that cover systems vegetation is maturing, it 
would be appropriate to inform the public that access is restricted until certain components of 
the remedy are complete. 

These process options are all retained for the development of remedial alternatives. 

4.5.3 Access Controls 

Access controls include physical barriers such as fencing and signage and range management 
such as grazing controls to limit access to source areas at the Site (e.g., ODAs or seeps or 
springs). Fencing and grazing controls are listed as BMPs for phosphate mining in southeastern 
Idaho (Montgomery Watson 2000). 
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These controls would be appropriate for preventing access during implementation of remedial 
actions and until they are effective. For example, fencing to restrict access to seeps and 
detention basins with selenium and arsenic concentrations above levels of concern would be 
effective while control of the sources is being implemented and until source control becomes 
effective (which will reduce concentrations in the seeps and detention basins).   

The Forest Service administers several grazing allotments that encompass portions of the Site. 
Land managers use grazing management plans as tools to protect water quality, forage, and 
beneficial use. Grazing controls are often included as a BMP temporarily during implementation 
of the final remedy. Controlling domestic livestock grazing would allow establishment of 
vegetation on recently seeded areas. 

These process options are all retained for the development of remedial alternatives. 

4.5.4 Containment 

Various cover types, as well as encapsulation of seleniferous material, are discussed in the 
Selenium Management Practices document (SeWG 2005). Simplot identified source areas and 
available volumes of the primary material types to be evaluated for use in CERCLA cover 
systems that are considered for the FS (Formation 2016b).  

Dinwoody covers have already been used extensively at the Site for post-mining reclamation.  
They are effective in preventing direct contact to overburden materials and in reducing 
infiltration of water (and thereby reducing the subsequent release of selenium and transport to 
soils, groundwater and surface water). The Pole Canyon ODA 2013 NTCRA entailed installation 
of a 3-foot thick Dinwoody cover underlain by a 2-foot thick layer of chert/limestone. This cover 
was selected for the NTCRA by an EE/CA evaluation which showed that it would be effective in 
protecting human health and the environment. Dinwoody and chert/limestone covers are 
retained for the development of remedial alternatives. 

Simplot also identified tailings as a potential component of an ODA cover system because of its 
low hydraulic conductivity and subsequent effectiveness in reducing infiltration into underlying 
overburden materials (Formation 2014b).  Because the material could be highly-erodible on an 
ODA slope it is not implementable as a surface material, but could be used as a subsurface 
layer (for example beneath a chert/limestone layer that would provide physical protection and 
stability. A large quantity is readily available in the tailings impoundments and more is generated 
each year by active mining.  This process option is retained for use as a subsurface layer in 
cover systems on ODAs.  

A conventional soil cover can provide a physical barrier between the vegetation root zone and 
ODA materials, thus reducing the potential for selenium uptake by selenium-accumulating 
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plants along with preventing direct contact and ingestion by potential receptors. However, 
Dinwoody is present at the Site in large quantities, is proven, and can support vegetation in a 
similar manner to soil.  Sufficient quantities of soil for ODA covers would be more difficult to 
obtain and have a higher cost (because of longer transportation distances).  Because it is less 
effective, less implementable, and comes at a higher cost than Dinwoody material, a 
conventional soil cover is screened out from further consideration in the FS. 

Geosynthetic covers consist of multiple layers and may include a GM or GCL.  Other materials 
such as Dinwoody and chert/limestone would also be used in a GM/GCL cover to provide 
growth media for vegetation and stability/drainage. The GCL technology has been implemented 
successfully in the Southeast Idaho Phosphate Mining Resource Area: notably at South Maybe 
Canyon Mine (a CERCLA action on a cross-valley fill ODA) and at the Blackfoot Bridge Mine (as 
part of active mining). Therefore, this option is retained for the development of remedial 
alternatives. 

Sediment control features such as dikes/berms and detention basins already in place at the Site 
are effective in preventing stormwater runoff from mining areas from reaching local creeks.  
These features would be maintained as needed.  Additional features may be constructed to 
support installation and operation of new covers on Panel A and Panel D, and therefore, these 
process options are retained.  

4.5.5 Source Control, Flow Control and Routing 

Surface control process options considered for use at the Site include grading, erosion control 
and protection, and vegetation. Grading can be used during cover installation to provide a 
surface that promotes runoff and thus reduces infiltration.  Grading will be needed for covers at 
Panel A and Panel D to eliminate areas where pooling of water currently occurs. Erosion 
protection consists of the use of erosion-resistant materials such as riprap, vegetation, and 
geosynthetic fabrics to reduce or eliminate erosion of solid media by stormwater runoff. These 
materials are usually installed after regrading of the surface has been performed and have been 
used at the Site.  These process options will be used as necessary in the design of ODA cover 
systems.  Establishing a vegetative cover is a standard surface reclamation technology for 
covers on backfilled pits and external ODAs and has been implemented successfully at the Site. 
Vegetation will be used at the surface of any cover system installed on ODAs. 

Slope stabilization technology includes slope reduction (by grading) and retaining walls to 
reduce erosion and sediment transport. Both process options were used in the Pole Canyon 
ODA 2013 NTCRA and the option could be used in cover installation at other ODAs (to be 
determined during remedial design). 
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Diversion consists of routing or managing flow within open channels or closed conduits.  This 
process option was used in the 2006 NTCRA at the Pole Canyon ODA to convey the flow in 
Pole Canyon Creek around the ODA.  For future work, this process option may be used as part 
of the design of cover systems on the Panel A and Panel D ODAs to manage stormwater. 

These process options are all retained for the development of remedial alternatives.  

4.5.6 Removal and Disposal 

Remedial technologies for the removal and disposal GRA for overburden solids/soils include 
excavation of solids/soils, and disposal or consolidation either onsite or offsite.   

Complete source removal is not implementable or effective for pit backfill and external ODAs. 
The material volume is large (millions to tens of millions of cubic yards) and no suitable location 
exists for disposal. Also, the resultant disposal area would have similar environmental 
conditions and issues as for the current pit backfill and ODAs.  Similarly offsite disposal of large 
volumes of material would not be more effective than source control actions and would entail 
orders of magnitude higher cost. 

However, source removal could be effective for small volumes of materials.  For example once 
source controls (i.e., ODA covers) are implemented and are effective, residual sediment 
remaining in seep areas or stormwater/seep detention ponds could be removed and 
consolidated onsite.  This could be an effective method to manage residual risk after source 
controls are complete.  Similarly, residual solid materials generated by water treatment, could 
be consolidated onsite if their chemical properties were suitable.  If the residual materials were 
characterized as hazardous waste, then the materials would require offsite disposal in a 
hazardous waste landfill.  

Another retained process option for this remedial technology was routing groundwater that 
discharges at the springs complex to a water treatment facility.  This is being implemented in the 
water treatment pilot study and additional conveyance systems may be installed to maintain the 
required influent flow and quality to any treatment system. 

4.5.7 Treatment 

The principal treatment technology for removing selenium is biological treatment. Two pilot 
scale biological treatment systems have been evaluated at the Site. The first system was a 
semi-passive, buried, anaerobic, bioreactor used to treat a low flow, high concentration toe seep 
from one of the ODAs.  The initial bioreactor vessel was amended with cheese whey, compost, 
and zero-valent iron to establish and maintain the appropriate environmental conditions for the 
targeted microorganisms. The pilot system operated for approximately 7 months and achieved a 
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selenium removal efficiency between 72% and 97% (Moller 2002). This pilot unit was refitted 
and has been used for ongoing semi-passive treatment. Initial data indicate the ongoing 
selenium removal has been in the range of 60%.  Because this semi-passive system has 
relatively low effectiveness for removing selenium and is difficult to implement in remote 
locations it is screened out from further consideration in the FS. 

The second biological treatment pilot study is a larger scale, active water treatment plant.  The 
plant consists of an anaerobic fluidized bed bioreactor.  The reactor contains media that hosts a 
film of bacteria that specifically target selenium for their biological metabolism.  This pilot study 
started in 2015 and is ongoing.  Initial data indicate that the active fluidized bed bioreactor is 
capable of achieving 80% to 90% removal.   

Other process options may be required to support the biological treatment system, as 
determined by design and operations testing. These include gravity separation (settling of 
suspended solids in ponds, basins, or tanks), mechanical separation (such as belt presses, filter 
presses, and vacuum filtration units), media filtration (typically using sand), reverse 
osmosis/ultrafiltration (separation of contaminants by semipermeable membrane), chemical 
precipitation (precipitation of dissolved ions/salts in the form of insoluble salts), dewatering of 
treatment solids, chemical oxidation or reduction to improve selenium removal efficiency.  While 
these options are retained in the FS process, they are not stand-alone technologies, rather 
options to improve the selenium removal by the biological system. 

Ion exchange was retained as a potentially implementable treatment technology.  However, the 
process has not been tested in conditions similar to those found at the springs complex and due 
to uncertain effectiveness and cost, ion exchange is screened out of further consideration.  

4.6 Retained GRAs, Remedial Technologies, and Process Options 

Based on the results of the two-step screening process described in Sections 4.4 and 4.5, the 
remedial technologies and process options within each GRA that are retained for further 
evaluation and development of alternatives are summarized in Table 4-2.  Various combinations 
of technologies and process options are assembled into remedial alternatives. The development 
and screening of alternatives is presented in Section 5. 
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Table 4-1. Potential Sources – Overburden Solids and Soils 

Potential  
Source Area 

Materials Current  
Reclamation 

Status 

Estimated 
Area  

(acres) 

Panel A Area 2  

Panel A External ODA 

Overburden Solids and 
Soils 

Topsoil Only Cover 

Topsoil Only Cover 

115 

75 

Panel D North/South 

Panel D External ODA 

Overburden Solids and 
Soils 

Topsoil Only Cover 

Direct Revegetation 

205 

65 
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Table 4-2. Retained Remedial Technologies and Process Options 

for Development of Remedial Alternatives 

GRA Remedial Technology Process Option 

No Further Action None 

Institutional Controls Land-Use Controls 

Deed Restrictions 

Information Programs 

Access Controls Fencing/Signage 

Grazing Controls 

Containment/Engineered Covers Tailings Cover 

Chert/Limestone Cover 

Dinwoody Cover 

Geosynthetic Cover (GM/GCL) 

Sediment Control Features Dikes/Berms 

Detention Basins 

Surface Controls Grading 

Erosion Control and Protection 

Vegetation 

Diversion Open/Closed Channels 

Removal Excavation 

Disposal (solids) Onsite Disposal 

Onsite Consolidation 

Offsite Disposal 

Disposal (aqueous) Onsite Treatment Facility 

Physical Treatment (aqueous) Gravity Separation 

Mechanical Separation 

Media Filtration 

Reverse Osmosis/Ultrafiltration 

Chemical Treatment (aqueous) Chemical Precipitation 

Oxidation/Reduction 

Biological Treatment (aqueous) Biodegradation 
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GENERAL RESPONSE ACTION REMEDIAL TECHNOLOGY

Containment

Grazing ControlsRange Management

Engineered Covers

Slurry Walls

Sheet Piling

Rock Grouting

Barriers

No Further Action None None

Zoning Restrictions, Ordinances, Building Permits

Deed Restrictions, Easements, Covenants

Administrative Orders, Consent Decrees

Notices, Information Programs, State Registries

Proprietary Controls

Fencing
Physical Barriers

Government Controls

Enforcement and Permit Tools

Institutional Controls

Information Devices

SignageAccess Controls

FIGURE 4‐1. IDENTIFICATION OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS

PROCESS OPTION

Soil Cover

Dikes and Berms

Detention Basins
Sediment Control Features

Tailings Cover

Dinwoody Cover

Geosynthetic Cover

Chert/Limestone Cover
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FIGURE 4‐1. IDENTIFICATION OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS

PROCESS OPTION

Offsite Disposal

Grading

Transport to Offsite Treatment Facility

Excavation

Collection

Solids Disposal

Injection

Discharge to OnsiteTtreatment Facility

Extraction Wells

Closed Conduits
Diversion

Source Control, Flow Control and Routing

Removal and Transport of Solid Material

Removal and Disposal

Trenches

Onsite Disposal

Onsite Consolidation

Erosion Control and Protection

Vegetation

Surface Controls

Slope Reduction

Retaining Walls

Open Channels

Slope Stabilization

Groundwater/Surface Water Disposal
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PROCESS OPTION

Separation

Biological Biodegradation

Thermal

Biodegradation

Solvent ExtractionChemical

Chemical Precipitation

Physical

Adsorption

Demineralization

Electrodialysis

Metal Oxide

Reverse Osmosis

Media Filtration

Activated Carbon

Ion Exchange

Gravity Separation

Ultrafiltration

Mechanical SeparationGroundwater and Surface Water Treatment

In‐Situ Treatment

Ex‐Situ Treatment

Wet Air Oxidation

Physical/Chemical Chemical Injection

Oxidation/Reduction

Biological

Mechanical Evaporation
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PROCESS OPTION

Phytoremediation

Thermal

Biological

Physical/Chemical

Stabilization/Fixation

Hydrolysis

Aeration

Separation

Dewatering

Stabilization/Fixation

Incineration

Desorption

Chemical

Extraction

Oxidation/Reduction

Biological Biodegradation

Thermal

Enhanced Biodegradation

Solids and Soil Treatment

In‐Situ Treatment

Vitrification

Desorption

Physical

Ex‐Situ Treatment
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GENERAL RESPONSE ACTION REMEDIAL TECHNOLOGY PROCESS OPTION PROCESS OPTION DESCRIPTION SCREENING COMMENT

Technologies and/or process options screened out

Government Controls
Zoning Restrictions, Ordinances, 

Building Permits

Proprietary Controls
Deed Restrictions, Easements, 

Covenants

State or county laws or regulations that restrict or control land 

or resource use.

Deed restrictions prevent use of groundwater as drinking water 

and as stock tank water.

Legal tools that limit ceratin activities or require the 

performance of specific activities.

Notification that residual or covered contamination remains at a 

site.

Potentially implementable.

Potentially implementable.

Not implementable because agreements are not 

binding and would require enforcement.

Potentially implementable.

Institutional Controls

Enforcement and Permit Tools Administrative Orders, Consent Decrees

Information Devices
Notices, Information Programs, State 

Registries

 FIGURE 4‐2. INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR IMPLEMENTABILITY

No Further Action None None

Physical Barriers

Signage

Soil Cover

Tailings Cover

Fencing

Barriers Sheet Piling

Engineered Covers
Chert/Limestone Cover

Dinwoody Cover

Geosynthetic Cover

Containment
Slurry Walls

Detention Basins

Rock Grouting

Dikes and Berms

Sediment Control Features

No further action. Required by the NCP as a baseline for comparison.

Potentially implementable.
Grading the land surface to control surface water runoff and 

sediment mobilization.

Potentially implementable.
Basins or ponds used to allow sediment to settle out of storm 

water runoff.

Dinwoody cover layer to limit infiltration, reduce seepage, and 

reduce selenium uptake by plants.

Potentially implementable.
Clay and synthetic membrane (GCLL or GM) covered by soil to 

prevent infiltration and reduce seepage.

Not feasible because the Wells Formation aquifer is 

deep and highly fractured.

Not feasible because the Wells Formation aquifer is 

deep and highly fractured.

Not feasible because the Wells Formation aquifer is 

deep and highly fractured.

Fixed structures that function as boundaries or barriers.

Signs convey information on land use and use restrictions or 

warnings.

Soil cover layer to limit infiltration, reduce seepage, and reduce 

uptake of selenium by plants.

Tailings cover layer to limit infiltration, reduce seepage, and 

reduce uptake of selenium by plants.

Chert/limestone layer to provide a capillary break and minimize 

burrowing and root growth.

Trench around ODAs or source materials filled with a soil 

bentonite slurry.

Cutoff walls formed of wood, synthetics, pre‐fabricated 

concrete, or steel.

Pressure injection of grout in drilled holes or using vibrating 

beam method.

Grazing controls limit the location, timing, and duration of 

livestock grazing.

Potentially implementable.

Potentially implementable.

Potentially implementable.

Potentially implementable.

Potentially implementable.

Potentially implementable.

Grazing ControlsRange Management

Access Controls

Potentially implementable.
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 FIGURE 4‐2. INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR IMPLEMENTABILITY

Technologies and/or process options screened out

Diversion
Closed Conduits

Groundwater/ Surface Water Disposal Discharge to Onsite Treatment Facility

Source Control, Flow Control and 

Routing
Slope Reduction

Slope Stabilization
Retaining Walls

Excavation
Removal and Transport of Solid 

Material

Grading

Surface Controls Erosion Control and Protection

Vegetation

Extraction Wells

Collection
Trenches

Removal and Disposal

Onsite Disposal

Solids Disposal Onsite Consolidation

Transport to Offsite Treatment Facility

Injection

Potentially implementable in conjunction with 

engineered covers.

Potentially implementable.

Disposal of hazardous material in a landfill offsite.
Potentially implementable for hazardous materials 

such as treatment residuals.

Potentially implementable in conjunction with 

source control and flow control technologies.

Potentially implementable.

Grading the land surface to manage surface water infiltration 

and runoff.

Use of riprap, vegetation, and geosynthetic fabrics to reduce 

erosion.

Open Channels

Identification of an onsite location for disposal of treatment 

residuals or overburden/soils.

Potentially implementable.

Not feasible because deep groundwater is 

discharged to the surface at springs.

Not implementable because there are no POTW 

facilities near the Site.

Disposal of impacted water by injection into deep wells.

Routing and discharge of impacted water to a treatment facility 

onsite.

Transport of impacted water to a publicly owned treatment 

works (POTW) facility offsite.

Offsite Disposal

Reducing the grade of surface slopes of backfilled pits and 

ODAs.

Pumping well(s) used to extract contaminated groundwater.

Excavated ditches or channels to intercept and manage surface 

water or groundwater.

Application of soil and seeding with native plants to reduce 

infiltration, runoff, erosion.

Potentially implementable.

Potentially implementable.

Potentially implementable.

Potentially implementable in conjunction with 

disposal technologies.

Vertical walls of steel, concrete, bricks, wood, or rock to stabilize 

steep slopes.

Engineered canals or ditches constructed to convey surface 

water.

Culverts or pipes installed below ground to manage and control 

surface water.

Consolidation and relocation of solids/soils or treatment 

residuals and disposal in mine pits.

Excavation and transport of overburden/soils using earthmoving 

equipment.

Not feasible due to complex geology and 

preferential groundwater flow paths.

Not feasible due to complex geology and 

preferential groundwater flow paths.

Potentially implementable for small volumes of 

material such as treatment residuals.

Potentially implementable for small volumes of 

material such as treatment residuals.
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 FIGURE 4‐2. INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR IMPLEMENTABILITY

Technologies and/or process options screened out

Chemical reactions used to change contaminants to less toxic 

compounds.

Chemical agents are injected into the impacted region of the 

aquifer to treat the groundwater.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Vessels filled with zero‐valent iron or activated alumina used 

primarily to remove arsenic.

Potentially implementable in conjunction with other 

treatment technologies.

Potentially implementable.Microorganisms used to degrade or reduce contaminants.

Water is mechanically heated to boiling and clean water is 

distilled off.

Combustion reaction to break contaminated water and 

constituents down into base reaction products.

Nutrients are injected into groundwater to encourage native 

microorganisms to metabolize contaminants.

Physical

Not applicable to inorganic contaminants found in 

groundwater at the Site.

Not feasible because overburden volumes are too 

large.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Potentially hazardous byproducts, and complicated 

groundwater setting.

Separation of solids from a liquid using a mechanical device 

such as a belt press.

Potentially implementable in conjunction with other 

treatment technologies.

Separation of solids from a liquid using settling tanks, basins or 

other devices.

Physical treatment process in which pressurized water passes 

through a semipermeable membrane.

Adsorption

Demineralization

Biodegradation

Ex‐Situ Treatment

Groundwater and Surface Water 

Treatment

Media Filtration

Gravity Separation

Activated Carbon

Separation

Oxidation/Reduction

Biological Biodegradation

Mechanical Evaporation

Wet Air Oxidation

Chemical
In‐Situ Treatment

Biological

Chemical Injection

Potentially implementable.

Cation or anion exchange resins used to remove ions from 

water.

Potentially implementable in conjunction with other 

treatment technologies.

An electric field used as the driving force for separating a liquid 

across a membrane.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Chemical Precipitation

Electrodialysis

Metal Oxide

Reverse Osmosis/ Ultrafiltration

Ion Exchange

Chemical process where dissolved ions/salts are precipitated in 

the form of insoluble salts.

Mechanical Separation

Potentially implementable in conjunction with other 

treatment technologies.

Site‐specific pilot studies indicate this technology is 

not effective for selenium.

Not applicable to inorganic contaminants found in 

groundwater at the site.
Solvent Extraction

Thermal

Chemical

Separation of solids from a liquid typically using a granular 

media filter.

Potentially implementable in conjunction with other 

treatment technologies.

Granular media filled vessels used to remove organics from 

groundwater, surface water and air.

Separates constituents from a liquid by contact with another 

immiscible liquid.

Potentially implementable in conjunction with other 

treatment technologies.
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 FIGURE 4‐2. INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR IMPLEMENTABILITY

Technologies and/or process options screened out

Not feasible because overburden volumes are too 

large.

Contaminants react with hydrolyzing agents resulting in 

decomposition of the chemical compounds.
Potentially hazardous byproducts.

Multistage, intense scrubbing circuit used to wash and separate 

contaminated solids.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Not applicable due to the presence of plant eating 

livestock and wildlife at the site.

Machinery is used to directly inject stabilizing agents, such as 

cement, into the soil.
Potentially hazardous byproducts.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Aeration of soils is typically achieved by soil vapor extraction 

systems.

Soils are electrically heated and fused into a stable, glass‐like 

block.

Not feasible because overburden volumes are too 

large.

Volatile compounds are separated or recovered from a solid or 

liquid matrix.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Nutrients are injected into soils to encourage native 

microorganisms to metabolize contaminants.

Not applicable to inorganic contaminants found in 

groundwater at the site.

Biological
Phytoremediation

Enhanced Biodegradation

Plants are used to extract and concentrate some organic 

constituents and metals/metalloids from soils.

Chemical reactions used to change contaminants to less toxic 

compounds.

Volatile compounds are separated or recovered from a solid or 

liquid matrix.

Extraction

Stabilization/Fixation

Aeration
Physical/Chemical

Excavated solids slurried with stabilization/ fixation agents to 

reduce contaminant solubility and mobility.

Potentially hazardous byproducts. Not feasible 

because overburden volumes are too large.

Separation of liquids from solids by various methods.
Not applicable for large volumes of overburden 

material.

Soils are slurried, and passed through a gravity separation 

process to extract inorganics.
Site conditions not ideal for this technology.

Physical

Ex‐Situ Treatment

Energy applied to solids to combust organic constituents.
Not applicable to inorganic contaminants found in 

groundwater at the site.

Vitrification

In‐Situ Treatment Thermal
Desorption

Solids and Soil Treatment
Dewatering

Chemical

Oxidation/Reduction

Thermal

Hydrolysis

Stabilization/Fixation

Separation

Incineration

Desorption
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Technologies and/or Process Options Screened Out

Containment and Source Control

Source Control and Routing

Source Control, Flow Control and Routing
Slope Reduction

Slope Stabilization
Retaining Walls

Containment

Dikes, Berms

Dinwoody Cover

Geosynthetic Cover

Vegetation

Erosion Control and Protection

 FIGURE 4‐3. EVALUATION OF PROCESS OPTIONS FOR EFFECTIVENESS, IMPLEMENTABILITY, AND RELATIVE COST

No Further Action None None

Deed RestrictionsProprietary Controls
Institutional Controls

Institutional and Access Controls

Access Controls Signage

Range Management Grazing Controls

Open and Closed ChannelsDiversion

Government Controls Land‐Use Controls

Information Devices Information Programs

Surface Controls

Sediment Control Features
Detention Basins

Grading

Fencing

Engineered Covers Chert/Limestone Cover

Soil Cover

Tailings Cover

Physical Barriers
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 FIGURE 4‐3. EVALUATION OF PROCESS OPTIONS FOR EFFECTIVENESS, IMPLEMENTABILITY, AND RELATIVE COST

Technologies and/or Process Options Screened Out

Removal and Disposal

Demineralization
Ion Exchange

Biological Biodegradation

Removal and Disposal

Ex‐Situ Treatment

Gravity Separation

Chemical

Chemical Precipitation

Oxidation/Reduction

Physical

Groundwater and Surface Water Treatment
Separation Mechanical Separation

Media Filtration

Solids Disposal

Discharge to Onsite Treatment Facility

Onsite Disposal

Offsite Disposal

Onsite Consolidation

Groundwater/Surface Water Disposal

Reverse Osmosis or Ultrafiltration

Excavation Removal of Solid Material
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5-1 

5.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

In this section, remedial alternatives are assembled by combining the retained remedial 
technologies and process options.  The primary objective of this phase of the FS is to develop 
an appropriate range of remedial alternatives that will protect human health and the 
environment and meet ARARs. These remedial alternatives are then screened using a 
qualitative process with standard evaluation to determine overall effectiveness, implementability, 
and cost.  The purpose of the screening is to reduce the number of candidate alternatives to a 
smaller, more manageable number of alternatives, which are analyzed more fully in the detailed 
analysis phase of the FS. The alternatives that have been developed are comprehensive, 
Sitewide alternatives, consistent with USEPA guidance. 

5.1 Description of Remedial Alternatives 

Sitewide remedial alternatives were assembled by combining the retained remedial 
technologies and process options that are capable of addressing contamination at the Site (see 
Table 4-2).  The primary actions at the Site are source controls to reduce the release and 
transport of selenium from ODA materials to groundwater and treatment of groundwater 
discharging at the springs complex to reduce selenium concentrations in downgradient surface 
water. 

The remedial alternatives identified for the Site are described below, and summarized in Table 
5-1. Each of the action alternatives (different cover types on the ODAs) also has three different 
levels of treatment of groundwater discharging at the springs complex. 

5.1.1 Alternative 1 - No Further Action 

As previously described, two NTCRAs were implemented at the Pole Canyon ODA to divert 
Pole Canyon Creek stream flow around the ODA, prevent run-on to the ODA from the northern 
hillside slope, and reduce or eliminate infiltration into the ODA. Under the No Further Action 
GRA, the existing ODA covers and surface water flow control structures would remain in place 
but O&M activities would cease, including O&M for the pipeline.  The water treatment pilot study 
at the springs complex would be terminated. 
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5.1.2 Alternative 2 – Barrier Covers 

Under this alternative covers would be installed at Panel A Area 2 and at Panel D to prevent 
direct contact with overburden and to reduce levels of selenium in vegetation to below the 50 
mg/kg PRG.  A field-scale pilot study being performed under CERCLA at the Conda Mine 
(Formation 2012e, 2016c) indicates that a 1-foot-thick chert/limestone capillary break layer 
overlain by a 1-foot-thick layer of Dinwoody material would be adequate to achieve the PRG 
and that cover configuration will be assumed for the purposes of this FS (field pilot study testing 
to support remedial design could be implemented to demonstrate similar performance at the 
Smoky Canyon Mine Site). Access to seep areas LP-1 and DS-7 and detention basins DP-7 
and EP-2 would be restricted by fencing (to prevent livestock access) and signs to notify people 
that drinking the water is potentially unsafe. Further, grazing controls, land-use controls and 
information programs would be implemented by the Forest Service as needed to restrict access 
to the cover areas while the cover vegetation matures. Finally, Simplot would implement deed 
restrictions on its land in Sage Valley to prevent use of groundwater with arsenic or selenium 
concentrations above their respective MCLs as a domestic water supply and to prevent use of 
groundwater with selenium concentrations above 0.05 mg/L as a stock watering source (in the 
area of wells GW-17 and GW-25). 

As with the other action alternatives, three variants are identified related to treatment of 
groundwater discharging at the springs complex: 

• Alternative 2a – no treatment; 

• Alternative 2b – treatment of 2,000 gpm; and 

• Alternative 2c – treatment of 3,000 gpm. 

Alternative 2b would entail continued operation of the pilot treatment system at Hoopes Springs.  
The 2,000 gpm pilot system is scheduled to be operational by spring/summer 2017.  Remedial 
Alternatives 2b and 2c assume that the pilot study will demonstrate that the reverse 
osmosis/biological fluidized bed bioreactor treatment technology is implementable and effective 
for the removal of selenium from groundwater discharging at the springs. 

Alternative 2c would entail addition of a third treatment train to the system to bring the treatment 
flow rate to 3,000 gpm. 
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5.1.3 Alternative 3 – Barrier Cover + Infiltration-Reduction Cover 

Under this alternative, the same cover of a 1-foot-thick chert/limestone capillary break layer 
overlain by a 1-foot-thick layer of Dinwoody material would be installed at Panel A Area 2.  At 
Panel D an infiltration-reduction cover would be installed.  This cover would be constructed of 
materials available at the Site (Dinwoody, chert/limestone and possibly tailings) and would be 
designed to reduce infiltration into the ODA.  The 5-foot thick cover installed on the Pole Canyon 
ODA in 2015 is an example of this type of cover.  The deep-Dinwoody cover developed for F 
Panel reclamation is another example.  Other combinations and depths of materials may be 
more appropriate (to be determined by field pilot study testing to support remedial design).   

The same access restrictions and land use controls as Alternative 2 would be implemented.  
Also, Alternative 3 contains the same three variants for treatment at the springs complex: 3a no 
treatment; 3b 2,000 gpm treatment; and 3c 3,000 gpm treatment. 

5.1.4  Alternative 4 – Infiltration-Reduction Cover 

Under this alternative, infiltration-reduction covers would be installed at both Panel A Area 2 and 
Panel D.  All other elements of the alternative would be the same as Alternative 3, including the 
treatment variants. 

5.1.5   Alternative 5 – Geosynthetic Covers 

Under this alternative, membrane covers (i.e., with a GM liner, a GCL, or equivalent) would be 
installed at Panel A Area 2 and Panel D.  All other elements of the alternative would be the 
same as Alternative 4, including the treatment variants. 

5.2 Screening Evaluation of Alternatives 

In the screening step, each alternative is evaluated against the short- and long-term aspects 
(where applicable) of three broad criteria: effectiveness, implementability, and cost. Because the 
purpose of the screening evaluation is to reduce the number of alternatives that will undergo a 
more thorough and extensive analysis, alternatives are evaluated more generally in this phase 
than during the detailed analysis. However, the screening evaluation is sufficiently detailed to 
distinguish among alternatives. 

Under the effectiveness evaluation, each alternative is assessed for its ability to provide 
protection of human health and the environment and the reductions in toxicity, mobility, or 
volume it will achieve. Both short- and long-term components of effectiveness are evaluated. 
Short-term effectiveness refers to the construction and implementation period, and long-term 
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effectiveness refers to the period after the remedial action is complete.  A key element in the 
detailed analysis will be updating the groundwater transport models to reflect latest Site 
conditions (i.e. the refined understanding of groundwater flow directions and velocities, 
performance and monitoring data for the Pole Canyon ODA NTCRA cover and other covers 
installed for reclamation).  This will be coupled with the latest selenium data at the springs 
complex (to further refine the model calibration) and data on treatment effectiveness from the 
pilot study.  Because all of these inputs will need to be developed for the detailed analysis and 
some will not be available until 2017 (results from Phase 2 of the fluidized bed bioreactor 
biological treatment pilot study, for example), only a basic analysis is provided herein.  This will 
be refined in FS Technical Memorandum #2.  

Under the implementability evaluation, the technical and administrative feasibility of 
constructing, operating, and maintaining each alternative is evaluated. Technical feasibility 
refers to the ability to construct, reliably operate, and meet technology-specific regulations for 
process options until the remedial action is complete. It also includes O&M, replacement, and 
monitoring of technical components of an alternative after the action is complete. Administrative 
feasibility refers to the ability to obtain approvals from other offices and regulatory agencies and 
the availability of services, capacity, equipment, and technical specialists. 

The cost evaluation compares the relative costs of the alternatives. Costs are typically not 
defined with the level of accuracy desired for the detailed analysis (i.e., +50% to -30%); 
however, the relative accuracy of the estimates should be consistent so that cost decisions 
among alternatives will be sustained as the accuracy of cost estimates improves beyond the 
screening process. The O&M costs are evaluated as present-worth costs, using a 7% discount 
rate and 30-year performance period, consistent with USEPA guidance (USEPA 2000b). 

5.2.1 Alternative 1 - No Further Action 

5.2.1.1 Effectiveness 

Alternative 1 includes no additional actions to limit exposures of human or ecological receptors 
to selenium or arsenic in ODA materials, surface water, groundwater, and plants. It would not 
reduce the magnitude of sources.  Alternative 1 would attain none of the RAOs in the 
foreseeable future.  

5.2.1.2 Implementability 

Because Alternative 1 contains no actions, it is not evaluated for implementability. 



Feasibility Study Technical Memorandum #1 
Development and Screening of Remedial Alternatives 
Smoky Canyon Mine RI/FS DRAFT May 2016 

 

 
S:\Jobs\0442-004-900-Simplot-Smoky\RIFS\FeasibilityStudy\FSTM1\Draft Report\DraftSmokyCanyonFSTM1_20160516.docx 

 
5-5 

5.2.1.3 Cost 

Alternative 1 contains no future actions and therefore there would not be additional costs.  
Simplot has already expended $3.6 Million on the 2006 NTCRA (NewFields et al. 2009) and 
$9.9 Million on the 2013 NTCRA at the Pole Canyon ODA. 

5.2.1.4 Screening Assessment 

Consideration of the No Further Action alternative is required by the NCP and consequently it is 
retained for detailed analysis in the FS. 

5.2.2 Alternative 2 – Barrier Covers 

5.2.2.1 Effectiveness 

A field-scale pilot study being performed under CERCLA at the Conda Mine (Formation 2012e, 
2016c) indicates that a 1-foot-thick chert/limestone capillary break layer overlain by a 1-foot-
thick layer of Dinwoody material would be adequate to achieve the PRG of 50 mg/kg selenium 
in vegetation. Barrier covers would therefore meet the RAOs for protection of livestock and 
terrestrial biota on ODAs. The EE/CA developed for the 2013 NTCRA at Pole Canyon estimated 
that a Dinwoody/chert cover with 1 foot of Dinwoody material would reduce percolation into the 
overburden material by 42% (Formation 2012a).  Reduction in percolation for barrier covers at 
Panel A Area 2 and Panel D would be expected to be in the same range (this will be assessed 
for these specific areas in the detailed analysis). 

Selenium concentrations measured in groundwater and surface water during the RI are 
primarily related to releases during active mining. Concentrations are predicted to reduce in the 
future as the post-mining conditions begin to exert a greater effect.  Selenium releases from 
ODAs are predicted to reduce over time.  In addition, improved reclamation activities, the Pole 
Canyon ODA NTCRAs, and improved Sitewide stormwater controls are predicted to further 
reduce selenium releases from ODAs in the future.  All of these actions will reduce selenium 
levels in groundwater and eventually in water discharging at the springs complex (for example, 
see Figure 2-6).  Additional reductions in selenium loading from Panel A Area 2 and Panel D to 
groundwater due to the barrier covers would also occur.  Addition of treatment at the springs 
would increase the effectiveness and reduce the time until the surface water RAOs are met.  
The greater the level of treatment and the greater the reduction of selenium mobility, the smaller 
the volume of contaminated surface water released from the springs complex.  
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5.2.2.2 Implementability 

Alternative 2 would be readily implementable.  Cover materials are available at the Site and the 
construction of barrier covers would not require unconventional construction techniques or 
special access logistics. Simplot has installed similar covers at the Smoky Canyon Mine.  
Engineering controls are easily implementable during construction activities to prevent impacts 
to adjoining areas. Based on the preliminary estimate of the Panel A Area 2 and Panel D 
surface areas (see Table 4-1), it is estimated that approximately 750,000 cubic yards each of 
Dinwoody and chert/limestone would be required for a 1-foot-thick layer.  Dinwoody material is 
available at the Site (Formation 2016b) and chert/limestone would be generated from ongoing 
mining at Panel B.  Experience with recent reclamation activities at the Smoky Canyon Mine 
demonstrate that chert/limestone placement can be implemented year-round and that Dinwoody 
placement can be implemented in the normal spring/summer/fall construction season.  

The action would be accomplished using heavy equipment (e.g., scrapers, excavators, dozers, 
and trucks) provided by Simplot and already present at the mine, or by local contractors.  
Additionally, trained and experienced labor is available for Site work activities. 

Alternative 2 would be administratively feasible because the Forest Service will coordinate with 
the other regulatory agencies during the CERCLA process. This alternative would require 
relatively simple administrative and construction management controls. No offsite permits would 
be required.  Range management and other controls would be implementable because actions 
are on Forest Service-managed or Simplot-owned land. 

5.2.2.3  Cost 

Using unit rates for Dinwoody and chert/limestone from the Pole Canyon EE/CA (Formation 
2012a) it is estimated that the capital costs for installation of a 1-foot-thick Dinwoody layer over 
a 1-foot-thick layer of chert/limestone would be $31,000 per acre. Extrapolating for the 
estimated 460 acres associated with Panel A Area 2 and Panel D, results in a preliminary cost 
estimate of $14.3 Million for cover installation. This cost estimate will be refined in the detailed 
analysis based on updated area estimates, the outcome of the Dinwoody evaluation, and the 
availability of chert/limestone from active mining. 

Simplot estimated the capital cost for the 2,000 gpm pilot treatment system at $18 Million.  
Scaling up this cost for a 3,000 gpm system results in an estimated capital cost of $24 Million.  
These numbers will be refined in the detailed analysis based on actual expenditures for the pilot 
system. 
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5.2.2.4 Screening Assessment 

Alternative 2 has the potential to be protective of human health and the environment. RAOs for 
surface water would be met sooner by treating more water from the springs complex. Alternative 
2 is implementable and would entail a capital cost in the range of $14 – 38 Million (depending 
on the treatment option).  Alternative 2 is retained for detailed analysis in the FS. 

5.2.3 Alternative 3 – Barrier Cover + Infiltration-Reduction Cover 

5.2.3.1 Effectiveness 

The effectiveness of barrier covers is discussed above in Section 5.2.2.1. The infiltration-
reduction cover would be designed to reduce infiltration and be constructed of materials 
available at the Site (i.e., Dinwoody, chert/limestone, and tailings). The 5-foot-thick cover 
installed on the Pole Canyon ODA in 2015 is an example of this type of cover.  The deep-
Dinwoody cover developed for Panel F reclamation is another example.  Other combinations 
may be more appropriate including the possibility of using tailings as a subsurface low-
permeability barrier (to be determined by field pilot study testing to support remedial design). 

Selenium concentrations would be expected to reduce in groundwater and surface water due to 
installation of the covers at Panel A Area 2 and Panel D (and other measures already 
implemented as discussed in Section 5.2.2.1). Addition of treatment at the springs would 
increase the effectiveness and reduce the time until the surface water RAOs are met.  

5.2.3.2 Implementability 

Alternative 3 would be readily implementable.  It would not require unconventional construction 
techniques or special access logistics.  Simplot has installed similar covers at the Smoky 
Canyon Mine.  Engineering controls are easily implementable during construction activities to 
prevent impacts to adjoining areas.  Based on the preliminary estimate of the ODA surface 
areas (see Table 4-1), and assuming that the infiltration-reduction cover on Panel D would 
consist of 3 feet of Dinwoody and 2 feet of chert/limestone (i.e., consistent with the Pole Canyon 
cover), it is estimated that approximately 1.6 million cubic yards of Dinwoody and 1.2 million 
cubic yards of chert/limestone would be required for the covers on Panel A Area 2 and Panel D.  
Dinwoody is available at the Site (Formation 2016b). Chert/limestone would be generated from 
ongoing mining at Panel B.  If tailings material is used, there are sufficient volumes available in 
the tailings ponds for cover construction. 
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The action would be accomplished using heavy equipment (e.g., scrapers, excavators, dozers, 
and trucks) provided by Simplot and already present at the mine, or by local contractors. 
Additionally, trained and experienced labor is available for Site work activities. 

Alternative 3 would be administratively feasible because the Forest Service will coordinate with 
the other regulatory agencies during the CERCLA process.  Alternative 3 would require 
relatively simple administrative and construction management controls.  No offsite permits 
would be required.  Range management and other controls would be implementable because 
actions are on Forest Service-managed or Simplot-owned land. 

5.2.3.3  Cost 

As described in Section 5.2.2.3, the capital cost for installation of a 1-foot-thick Dinwoody layer 
over a 1-foot-thick layer of chert/limestone is $31,000 per acre.  For the 190 acres at Panel A 
Area 2, this would be $5.9 Million.  For a 3-foot-thick Dinwoody layer over a 2-foot-thick layer of 
chert/limestone the actual construction cost was $72,000 per acre.  For the 270 acres at Panel 
D, this would extrapolate to a cost of $19.5 Million.  The total capital cost to install covers under 
Alternative 3 is therefore $25 Million.  This estimate will be refined in the detailed analysis based 
on updated area estimates, the outcome of the Dinwoody evaluation, and the availability of 
chert/limestone from active mining. 

Simplot estimated the capital cost for the 2,000 gpm pilot treatment system at $18 Million.  
Scaling up this cost for a 3,000 gpm system results in an estimated capital cost of $24 Million.  
These numbers will be refined in the detailed analysis based on actual expenditures for the pilot 
system. 

5.2.3.4 Screening Assessment 

Alternative 3 has the potential to be protective of human health and the environment.  RAOs for 
surface water would be met sooner by treating more water from the springs complex.  
Alternative 3 is implementable and would entail a capital cost in the range of $25 - 49 Million 
(depending on the treatment option).  Alternative 3 is retained for detailed analysis in the FS. 

5.2.4 Alternative 4 – Infiltration-Reduction Covers 

5.2.4.1 Effectiveness 

The effectiveness of infiltration-reduction covers are discussed above in Section 5.2.3.1. The 
infiltration-cover would be designed to reduce infiltration and be constructed of materials 
available at the Site (i.e., Dinwoody, chert/limestone and tailings).  The 5-foot-thick cover 
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installed on the Pole Canyon ODA in 2015 is an example of this type of cover.  The deep-
Dinwoody cover developed for Panel F reclamation is another example.  Other combinations 
may be more appropriate including the possibility of using tailings as a subsurface low-
permeability barrier (to be determined by field pilot study testing to support remedial design).   

Selenium concentrations would be expected to reduce in groundwater and surface water due to 
installation of the covers (and other measures already implemented as discussed in Section 
5.2.2.1).  Addition of treatment at the springs would increase the effectiveness and reduce the 
time until the surface water RAOs are met.  

5.2.4.2 Implementability 

Alternative 4 would be readily implementable.  It would not require unconventional construction 
techniques or special access logistics.  Simplot has installed similar covers at the Smoky 
Canyon Mine.  Dinwoody is available at the Site (Formation 2016b).  Chert/limestone would be 
generated from ongoing mining at Panel B.  If tailings are used, there are sufficient volumes 
available in the tailings ponds for cover construction. 

The action would be accomplished using heavy equipment (e.g., scrapers, excavators, dozers, 
and trucks) provided by Simplot and already present at the mine, or by local contractors. 
Additionally, trained and experienced labor is available for Site work activities. 

Alternative 4 would be administratively feasible because the Forest Service will coordinate with 
the other regulatory agencies during the CERCLA process.  Alternative 4 would require 
relatively simple administrative and construction management controls.  No offsite permits 
would be required.  Range management and other controls would be implementable because 
actions are on Forest Service-managed or Simplot-owned land. 

5.2.4.3  Cost 

As an example, the Pole Canyon 2015 NTCRA capital costs were $72,000 per acre (for 139 
acres).  Extrapolating for the estimated 460 acres associated with Panel A Area 2 and Panel D 
results in a preliminary capital cost estimate of $33.0 Million for cover installation.  This cost will 
be refined in the detailed analysis based on updated area estimates, the outcome of the 
Dinwoody evaluation, and the availability of chert/limestone from active mining. 

Simplot estimated the capital cost for the 2,000 gpm pilot treatment system at $18 Million 
(Formation 2014a).  Scaling up this cost for a 3,000 gpm system results in an estimated capital 
cost of $24 Million.  These numbers will be refined in the detailed analysis based on actual 
expenditures for the pilot system. 
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5.2.4.4 Screening Assessment 

Alternative 4 has the potential to be protective of human health and the environment.  RAOs for 
surface water would be met sooner by treating more water from the springs complex.  
Alternative 4 is implementable and would entail a capital cost in the range of $33 - 57 Million 
(depending on the treatment option). Alternative 4 is retained for detailed analysis in the FS.    

5.2.5 Alternative 5 – Geosynthetic Covers 

5.2.5.1 Effectiveness 

Geosynthetic covers would reduce infiltration into ODA materials by 97% or more.  This would 
have a significant effect on selenium concentrations in groundwater and surface water, such 
that protection of human health and the environment would be expected to be achieved.  
Addition of treatment at the springs would reduce the time until the surface water RAOs are met.  

5.2.5.2 Implementability 

Alternative 5 would be implementable.  It would not require unconventional construction 
techniques or special access logistics.  Similar covers have been (or are being) installed at 
other phosphate mines in the area (BLM 2011, USFS 2012).  Geosynthetic liner systems are 
significantly more complicated and time consuming to construct than earthen cover 
systems.  Quality assurance/quality control (QA/QC) requirements and weather restrictions 
consume at least half of the available construction days during an already short high mountain 
construction season.  Cover materials must be placed uphill or from the side with small, low-
ground pressure dozers, which slows the construction process down and adds significant cost 
to the cover system.  Most synthetic liner systems require more layers to be completed, which 
also inserts more construction time into the process.  The synthetic liner must be welded 
together which is a slow process.  Ultimately it takes at least twice as much time to complete a 
synthetic cover, as compared to an earthen cover.  For this reason, many construction seasons 
would be required to complete a synthetic cover.   

Dinwoody and chert/limestone material would be used in the cover system to provide stability, 
drainage and growth medium for vegetation.  Dinwoody is available at the Site (Formation 
2016b).  Chert/limestone would be generated from ongoing mining at Panel B.   

The action would be accomplished using heavy equipment (e.g., scrapers, excavators, dozers, 
and trucks) provided by Simplot and already present at the mine, or by local contractors. 
Additionally, trained and experienced labor is available for Site work activities. 
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Alternative 5 would be administratively feasible because the Forest Service will coordinate with 
the other regulatory agencies during the CERCLA process.  Alternative 5 would require 
relatively simple administrative and construction management controls.  No offsite permits 
would be required.  Range management and other controls would be implementable because 
actions are on Forest Service-managed or Simplot-owned land. 

5.2.5.3  Cost 

As an example, the Pole Canyon EE/CA (Formation 2012a) estimated capital costs for 
installation of a GCL cover at $15.9 million for 120 acres ($132,000 per acre).  Experience at 
other sites (South Maybe Canyon, Blackfoot Bridge Mine) has found that actual costs are much 
higher (in the range of $175,000 to $200,000 per acre). Extrapolating the Pole Canyon EE/CA 
estimate for the estimated 460 acres associated with Panel A Area 2 and Panel D, results in a 
preliminary capital cost estimate of $61.0 Million for cover installation.  This will be refined in the 
detailed analysis based on updated area estimates, and more detailed cost estimating using 
Site-specific information and costs from similar projects at other Sites. 

Simplot estimated the capital cost for the 2,000 gpm pilot treatment system at $18 Million.  
Scaling up this cost for a 3,000 gpm system results in a capital cost estimate of $24 Million.  
These numbers will be refined in the detailed analysis based on actual expenditures for the pilot 
system. 

5.2.5.4 Screening Assessment 

Alternative 4 has the potential to be protective of human health and the environment.  RAOs for 
surface water would be met sooner by treating more water from the springs complex.  
Alternative 5 is implementable and would entail a capital cost in the range of $61 - 85 Million 
(depending on the treatment option). Alternative 5 is retained for detailed analysis in the FS. 

5.3 Summary of Alternative Screening 

All of the candidate alternatives are retained for detailed analysis.  They all have the potential to 
improve conditions at the Site and could provide protection of human health and the 
environment.   

As described in Section 5.2, a key element in the detailed analysis will be updating the 
groundwater transport models to reflect latest Site conditions (i.e. refined understanding of 
groundwater flow directions and velocities, performance and monitoring data for the Pole 
Canyon ODA NTCRA cover and other covers installed for reclamation).  This will be coupled 
with the latest selenium data at the springs complex (to further refine the model calibration) and 
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data on treatment effectiveness from the pilot study.  Because all of these inputs will need to be 
developed for the detailed analysis and some will not be available until 2017 (pilot treatment 
results for the 2,000 gpm system, for example), a detailed assessment of whether each 
alternative will meet RAOs, how, and in what timeframe is not possible at this time.  Therefore, it 
is appropriate to retain the full range of the candidate alternatives to allow their detailed analysis 
in FS Technical Memorandum #2.  
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Table 5-1. Sitewide Remedial Alternatives 

Remedial Alternative Pole Canyon ODA Panel A Area 2 Panel D Backfilled Pit / 
External ODA 

Groundwater Discharge 
at Hoopes Spring and 

South Fork Sage Creek 
Springs 

1 – No Further Action NTCRA O&M activities 
terminated. 

No action. No action. No action. 

2 – Barrier Covers NTCRA O&M activities 
continued. 

2 foot thick Dinwoody/Chert 
cover or equivalent 

2 foot thick Dinwoody/Chert 
cover or equivalent. 

2a – No action. 
2b – 2,000 gpm treatment 
2c – 3,000 gpm treatment 

3 – Barrier Covers + 
Infiltration Reduction Covers 

NTCRA O&M activities 
continued. 

2 foot thick Dinwoody/Chert 
cover or equivalent 

3 foot thick Dinwoody/2 foot 
thick Chert or equivalent.  

3a – No action. 
3b – 2,000 gpm treatment 
3c – 3,000 gpm treatment 

4 – Infiltration Reduction 
Covers 

NTCRA O&M activities 
continued. 

3 foot thick Dinwoody/2 foot 
thick Chert or equivalent. 

3 foot thick Dinwoody/2 foot 
thick Chert or equivalent. 

4a – No action. 
4b – 2,000 gpm treatment 
4c – 3,000 gpm treatment 

5 – Geosynthetic Covers NTCRA O&M activities 
continued. 

Geosynthetic cover (GM, GCL 
or equivalent). 

Geosynthetic cover (GM, GCL 
or equivalent). 

5a – No action. 
5b – 2,000 gpm treatment 
5c – 3,000 gpm treatment 

Notes: 
GCL – Geosynthetic Clay Liner 
GM – Geomembrane 
gpm – gallons per minute 
NTCRA – Non‐Time‐Critical Removal Action 
ODA – Overburden Disposal Area 
O&M – Operations and Maintenance 
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